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chepo MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYLLEAKEAE 

human NITTGCAEHCSLNENITVPDTKVNFYAWKRMBVGQQAVEVWQGLALLSEA 

**************** 

chepo NITTGCAEHCSLNENITVPDTKVNFyAWKRMEVRQQAVEWQGLALLSEA 



human VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 
*********** ******it***************'kit'innt*** ******** 

chepo VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAXKEAISPPD 



human AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR 
******************************************* 

Chepo AASAAPIiRTITADTFRKLPRVYSNFLRGKLKIiYTGEACRTGDR 

(57) Abstract 

The present invention is directed to novel chimpanzee erythropoietin polypeptides and to nucleic acid molecules encoding those 
polypeptides. Also provided herein are vectore and host cells comprising those nucleic acid sequences, chimeric polypeptide molecules 
comprising the polypeptides of the present invention fused to heterologous polypeptide sequences, antibodies which bind to the polypeptides 
of the present invention and to methods for producing the polypeptides of the present invention. 
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NOVEL CHIMPANZEE ERYTHROPOIETIIIi (CHEPO) POLYPEPTIDES AND NUCLEIC ACIDS ENCODING THE 

SAME 

HELD OF THE INVENTION 

5 The present invention relates generally to the Identification and isolation of novel chimpanzee erythropoietin 

polypeptides, nucleic acid molecules encoding those polypeptides and to the recombinant production of those potypeptidK. 

BACKGROUND OF THE INVFMTinN 
Erythropoiesis. the production of red blood cells, occurs continuously throughout the human life span to offset 
10 cell destruction. Erythropoiesis is a very precisely controlled physiological mechanism enabGng sufficient numbers of red 
blood cells to be available in the blood for proper tissue oxygenation, but not so many that the cells would impede 
circulation. The formation of led blood cells occurs in the bone marrow and is under control of the hormone, erythropoietin. 

Erythropoietin, an acidic glycoprotan is approximately 34,000 datton molecular weight, may occur in three f onns: 
alpha, beta and asialo. The alpha and beta forms different slightly in carbohydrate components have the same potency, 
15 biological activity and molecular weight. The asialo form is an alpha or beta form with the terminal carbohydrate (siaSc 
add) removed. Erythropoietin is present in a very tow concentrations in plasma when the body is in a healthy state whercn 
tissues recove sufficient oxygenation from the existing number of erythrocytes. Tbb normal low concentration is enough 
to stiinulata replacement of red blood cells which are lost nonnaBy through aging^ 

The amount of erythropoietni m the circulation is mcreased under comfitions of hypoxia when oxygen transport 
20 by blood ceDs in the cbcdatbn is reduce! Hypoxia may be caised by loss of large amounts of blood through hemorrhage, 
destruction of red blood cells by over-exposure to radiation, reduction m oxygen intake due to high altitudes or prolonged 
uronsdousness, or various forms of anemia. In response to tissues undogoing hypoxic stress, erythropoietin will increase 
red blood ceO production by stnnuiating the conversion of prnnttive precursor ceBs in the bone marrow into proerythroblasts 
which subsequently mature, syntiiesize hemoglobin and are released into the drculation as red blood cells. When the 
25 number of red blood cells in drculation is greater than needed for normal tissue oxygen requirements, erytiiropoietin in 
circulation is decreased. 

Because erythropoietin is essential in tiie process of red blood cell formation, the hormone has potential useful 
application in both the diagnosis and treatment of blood disorders characterized by low or defecthre red blood cell 
production. See, generally, Pennatiiur-Das,etaL,B!ood 63(51:1168-71 (1984) and Haddv, Am. Jour. Ped. Hematol. Oncol. 
3 0 4:191-196 (1982) relating to erythropoietin in possible tiierapics for sickle cell disease, and Eschbach et al., J. Clin. Invest. 
74{2):434441 (1 984), describing a therapeutic regimen for uronic sheep based on m response to erythropoietin-rich 
plasma infusions and proposing a dosage of 10 U EOP/kg per day for 1540 days as corrective of anemia of tiie type 
assodated witii chronic renal failure. See also, Krane, Henry Ford Hosn. Med. J.. 31 (3): 177-1 81 (1983). 

We descrBie herdn the identification and characterization of a novel erythropoietin polypeptide derwed from the 
3 5 chimpanzee, designated herein as CHEPO . 
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SUMMARY DF THE IMVgMTiqUI 
A cDNA done has been idattifod that has homobgy to nudeic add encoffing human erythopoietin that encodes 
a novel chimpanm erythropDietin polypeptide, designated in the present application as "CHEPO". 

In one embodiment, the invention provides an isolated nucleic acid molecule comprising a nudeotide sequence 
5 that encodes a CHEPO polypeptide. 

In one aspect the Isolated nudeic add molecule comprises a nudeotide sequence having at least about 80% 
nudeic add sequence identity, alternatively at least about 81 % nudeic add sequence identity, altematively at least about 
82% nudeic acid sequence idartity, altematively at least about 83% nudeic add sequence identity, altemathrely at least 
about 84% nudeic add sequence identity, altemativBly at least about 85% nudeic add sequence identity, altemathrely 

10 at least about 86% nudeic acid sequence identity, alternatively at least about 87% nucleic add sequence identity, 
alternatively at least about 88% nucleic add sequence identity, altematively at least about 89% nudeic acid sequemre 
identity, aftematively at least about 90% nudeic add sequence identity, altematively at least about 91% nudeic add 
sequence identity, altematively at least about 92% nucleic add sequence identity, altematively at least about 93% nudeic 
acid sequence identity, alternatively at least about 94% nudeic add sequence identity, altematively at least about 95% 

15 nudeic add sequence identity, altematively at least about 96% nudeic arid sequence identity, alternatively at least about 
97% nudeic acid sequence identity, altemathrely at least about 98% nucleic acid sequence identity and altematively at 
least about 99% nudeic add sequence identity to (a) a DMA molecule encoding a CHEPO polypeptide having the sequence 
of ammo add residues from about 1 or about 28 to about 193, induswe, of Figure 3 (SEO ID N0S:2 and 5), or (b| the 
complemenf of the DNA molecule of (a). 

20 In another aspect, the isolated nudeic add molecule comprises (a) a nucleotide sequence encoding a CHEPO 

polypeptide having tiie sequence of amino add residues from about 1 or about 28 to about 193, inchisive, of Hgure 3 {SEO 
ID N0S:2 and 5), or (b) the complement of tiie nudeotide sequence of (a). 

In otiier aspects, the isolated nudeic add molecule comprises a nudeotide sequence having at least about 80% 
nucleic edd sequem» identity, ahemathrely at least about 81 % nudeic add soiuence identity, altemativdy at least about 

25 82% nudeic add sequence identity, alternatively at least about 83% mideic add sequence identity, altematively at least 
about 84% nudeic add sequence identity, alternatively at bast about 85% nucleic add sequence identity, altematively 
at least about 86% nucleic add sequence identity, altematively at least about 87% nudeic add sequence identity, 
altematively at least about 88% nucleic add sequence identity, altematively at least about 89% nudeic add soiuence 
identity, alternatively at least about 90% nudeic add sequence identity, altematively at least about 91% nudeic add 

3 0 sequence identity, altematively at least about 92% nudeic add sequence identity, altematively at least about 93% nudeic 
acid sequence identity, altematively at least about 94% nudeic add sequence identity, altOTatively at least about 95% 
nudac add sopence identity, altematively at least about 96% nudeic add sojuence identity, alternatively at least about 
97% nudeic acid sequence identity, altemathfely at least about 98% nudeic add sequence identity and altematively at 
least about 99% nudeic add sequence identity to (a) a DNA molecule having the sequence of nucleotides from about 1 or 

3 5 about 82 to about 579, indusive. of Figure 2 ISEO ID N0:3|, or (b) the complement of the DNA molecule of (a). 
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hi another aspect the isolated nud^ acid molecule comprises (a) the nucbotlde s«|uen» of from about 1 or 
about 82 to about 579, inchishre, of Rgure 2 (SEQ ID N0:3), or (b) the complement of the nucleotide sequence of (a): 

In another aspect, the invention concerns an isolated nucleic add molecule which encodes an acthre CHEPO 
polypeptide as defined bebw comprising a nucleotide sequence that hybridizes to the complement of a miclac acid 
5 s«|uem:e that encoites ammo acids 1 or about 28 to about 1 93, indushre, of Figure 3 (SEQ ID N0S:2 ami 5K Pref eraUy, 
hybridization occurs under stringent hybridization and wash conditions. 

In yet another aspect, the invention concerns an isolated raidric add molecule which encodes an active CHEPD 
polypeptide as defined below comprising a nucleotide sequence that hybridizes to the complKnent of the nucleic add 
sequence between about nucleotides 1 or about 82 and about 579, induswe, of Rgure 2 (SEQ ID N0:3). Preferably, 

10 hybridization occurs under stringent hybridization and wash conditions. 

In a further aspect, the invention concerns an isdated nudeic add molecule which is produced by hybridizing a 
test DMA molecule under stringwrt conditions with (a) a DMA molecule encoding a CHEPO polypi having the ^uence 
of amino add residues from about 1 or about 28 to about 193, indusive, of Rgure 3 (SEQ ID N0S:2 and 5), or (b) the 
component of the DNA molecule of (a), and, if the test DNA molecule has at least about an 80% nudeic add sequence 

15 identity, alternatively at least about 81% nudeic add sequence identity, alternatively at least about 82% nudeic add 
sequence identity, alternatively at least about 83% nudeic add sequence Idaitity, altemativdy at least about M% nudeic 
add sequence identity, alternatively at least about 85% nucldc add sequmice identity, ^emativeiy at least about 86% 
mideic add sequence idwitity, alterriatively at least about 87% nudeic add sequence identity, alternatively at least about 
88% nuddc add sequems identity, ahematively at least about 89% nucteic add sequence identity, alternatively at test 

20 about 90% nucteic add sequence identity, dtematively at least diout 91% middc acid sequence identity, ait^atively 
at least about 92% mideic acid sequence identity, altemafnrely at least about 93% mideic add sequence identity, 
alternatively et least about 94% nuddc acid sequraice identity, alternatively at least about 95% nucleic add sequence 
identity, altemativdy at teast about 96% middc acid sequence identity, ahematively at least about 97% nuddc add 
sequence identity, dtemativdy at least about 98% nucteic add sequence identity and alternatively at least about 99% 

25 nucteic add sequence identity to (a) or (b), and isolating tiie test DNA motecub. 

In another aspect the inventten concerns an isobted nudeic edd moteciile compridng (e) a nucbotide sequence 
encoding a polypeptide scoring at teast about 80% positives, altemetively at teast diout 81% positives, aftematively at 
teast about 82% positwes, alternatively at teast about 83% positives, altemativdy at teast about 84% positives, 
alternatively at least about 85% positives, alternatively at least about 86% positives, dtemativdy at teast about 87% 

3 0 positives, altemativdy at teast about B8% positives, dtematively at teast about 89% positives, altemativdy at teast abmit 
90% podtives, dtematively at teast about 91% podtives, dtemativdy at teast about 92% positives, dtwnativdy at teast 
about 93% positives, alternatively at teast diout 94% positives, dtemativdy at least about 95% positives, dtemativdy 
at least about 96% positives, dtematively at least about 97% podtwes, dtemativdy at teast about 98% positives and 
alternatively at teast d)out 99% positives when compared witii tiie amino add s«)uence of reddues diout 1 or diout 28 

35 to 193, indusive, of Rgure 3 (SEQ ID N0S:2 and 5), or (b) the comptement of the nucteotide sequence of (a). 
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In a spedfie aspect the invention provides an Isolated nudetc add motade compriwtg DNA encodmg a CHEPO 
polypeptide without the N-tenranal signal sequence and/or the initiating methionine, or is complementary to sudi encoding 
nucleic add molecule. The dgnal peptide has been tentatively identified as extemfing from about amino add podtum 1 
to about amino add podtion 27 in the sequem» of 3 (SEQ ID N0S:2 ami 5). It is noted, however, that the C terminal 
5 boundary of the s^d peptide may vary, but most likely by no more than about 5 amino adds on either dde of the dgnal 
peptide C-termmal boundary as Initially identified herein, wherein the C-termind boundary of the dgnal p^tide may be 
identified pursuant to critwia routinely ployed in the art for identifying that type of amino add sequoice element (ag., 
U\s\z^ et al, ProtEnq. 10:1-6 (1997) and von Hdnie et aU Wud, Adds. Res. 14:46834690 (1986)). Moreover, it is dso 
recognized that in some cases, cleavage of a signd sequence from a secreted polypeptide is not entirely unifomi, resuhing 

10 in more than one secreted spedes. These polypeptides, and the pdynudeotides encoding them, are contemplated by the 
present invention. As such, for purposes of the present application, the dgnal peptide of the CHEPO polypeptide diown 
in Rgure 3 (SEQ ID N0S:2 and 5) extends from amino adds 1 to X of figure 3 (SEQ ID N0S:2 and 5), wherdn X is any 
amino add from 23 to 32 of figure 3 (SEQ ID N0S:2 and 5). Therefore, mature forms of the CHEPO polypeptide which 
are encompassed by the present invention indude those comprising amino acids X to 193 of Figure 3 (SEQ ID N0S:2 and 

15 51, wherem X is any ammo acid from 23 to 32 of Rgure 3 (SEQ ID N0S:2 and 5) and variants thereof as described below. 
Isolated nucleic add mdecides encoding these polypeptides are dso contemplated. 

Another embodiment is ifirected to fragments of a CHEPO polypeptide coding sequence that may find use as, for 
example, hybridization probes or for encoding fragments of a CHEPO polypeptide that may optionally encode a pdyp^tide 
comprising a bindmg dte for an anti-CHEPO antibody. Such nudeic add fragments are usually at least about 20 

2 0 nucleotides m length, dtematively at least about 30 mideotides in length, dtematively at least about 40 mideotides In 

length, dtematively at least about 50 nudeotides in length, dtematively at best diout 60 nucleotides in length, 
altemat'nrely at least abmit 70 mideotides in length, ahemativdy at least about 80 mideotides in length, altemativdy at 
least about 90 nudeotides in length, altematively at tevst about 100 nucleotides in length, alternatively at least about 1 10 
nudeotides m length, altemativdy at least about 120 mideotides in lengtii, altematively at least about 130 nucleotides 

25 in length, dtemativdy at least about 140 mideotides in lengtii, altemativdy at least about 150 nudeotides in lengtit 
altemativdy at least abmit 160 nudeotides in lengtii, dtemativdy at least diout 170 mideotides in lengtii, altemativdy 
at least about 180 nudeotides in lengtii, dtemativdy at least diout 190 nudeotides in iengtiu dtwnativdy at least dimit 
200 nucleotides in length, dtematively at least about 250 nucteotides m length, aitemathrdy at least about 300 
nucleotides in length, ahemativdy at least about 350 nudeotides in lengtii, dtemativdy at least about 400 mideotides 

30 in lengtit alternatively at least about 450 nudeotides in lengtii, dtematively at least about 500 nudeotides bi lengthr 
altematively at least about 600 nucleotides in length, altemativdy at least about 700 nudeotides in lengtii, dtemativdy 
at least djout 800 nucleotides in length, dtemativdy at least about 900 nudeotides in length and altemativdy at least 
diout 1000 nucleotides in lengtii, wherein in tiiis comext tiie temi dwut means tiie referenced mideotide sequence lengtii 
phis or minus 1 0% of tiiat referenced lengtii In a preferred embodsnent tiie nudeotide sequsice fragment is derived from 

3 5 any coding region of the nudeotide sequence diown in figure 1 (SEQ ID 1\I0:1). It is noted tiiat novd fragments of a 

CHEPO pdypcptide^ncoding nudeotide sequence may be determined m a routine manner by d'igning tiie CHEPO 
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pdypeptide-encoifing nudeotidB sequence with othv known nucleotide s»|uences usmg any of a number of well known 
sequence alignment programs and determining which CHEPO polyp^tide^ncoding nucteotide nquence fragment(s| are 
novel All of such CHEPO polypeptide«icoding nucleotide s«)uences are contemplated heron and can be determined 
without undue experimentation. Also contemplated are the CHEPO polypeptide fragmoits encoded by these nucleotide 
5 molecule fragm^s, preferably those CHEPO polypeptide fragments that comprise a binding site for an anti-CHEPO 
antfliody. 

In anothtf embodiment the invention provides a vector comprisng a nucleotnie sequence oicoding CHEPO or its 
variants. The vector may comprise any of the isolated nucleic acid molecules hereinabove htentified. 

A host cell comprising such a vector is also provided. By way of example, the host cells may be CHO cells, £ 
1 0 coS, or yeast A process for producing CHEPO polypeptides is further provided and comprises culturing host cells under 
conditions suitable for expression of CHEPO and recovering CHEPO from the cell cuhure. 

In another anbodiment, the mvention provides isolated CHEPO polypeptide encoded by any of the isolated nudac 
acid sequences hereinabove identified. 

In a specific aspect the invention provides isolated native sequence CHEPO polypeptide, which in certain 
15 embodiments, includes an amino acid sequence comprising residues from about 1 or about 28 to about 193 of Figure 3 
(SEQIDN0S:2and5). 

In another aspect the invention concerns an isolated CHEPO polypeptide, comprising an amino acid sequence 
having at least about 80% amino add sequeitte identity, alt^natively at least about 81 % amino acid sequence identity, 
alternatively at least about 82% amino acid sojuence iitentity, alternatively at least about 83% amino add sequence 

20 identity, alternatively at least about 84% amino acid sequence Identity, altemathrely at least about 85% amino add 
sequence identity, eltemativdy at least about 86% anuno acid sequence identity, alternatively at least about 87% ammo 
add sequence identity, alternatively at least about 88% ammo add sequence identity, alternatively at least about 89% 
anuno add sequence identity, alternatively at least about 90% amino add sequence hientity, alternatively at least about 
91% amino acid sequence identity, altemathrehr at least about 92% amino add sequence identity, alternatively at least 

25 about 93% amino add sequence identity, altemarnrely at least about 94% amino add sequence identity, alternatively at 
least about 95% amino acU sequence identity, altematively et least about 96% amino add sequence identity, alternatively 
at least about 97% amino add sofuence identity, altematively at least about 98% amino add sequence hSentity and 
altemativdy at least about 99% ambw add sequence identity to tiie sequence of amino add residues from about 1 or about 
28 to about 193, inchisive, of Figure 3 (SEQ ID N0S:2 and 5). 

30 In a further aspect the invention concerns an isolated CHEPO polypeptide comprising an amino add sequence 

scoring at least about 80% positives, alt^atively at least about 81 % posithres. altematively at least about 82% positives, 
alternatively at least about 83% positives, altematively at least about 84% positives, altematively at least about 85% 
positives, altemativdy at least about 86% positives, altematively at least about 87% positives, altematively at least about 
88% positives, altematively at least about 89% positives, altemativBly at least about 90% positives, alternatively at least 

3 5 about 91 % positives, alternatively at least about 92% positives, altematively at least about 93% positives, altematively 
at least about 94% positives, altemathrely at least about 95% positives, altematively at least about 96% posithres. 
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altematively at least about 97% posithreSr alternatively at least about 98% positives and alternatively at least about 99% 
positives when compared with the amino acid sequoice of residues from about 1 or about 28 to about 193, inclusive, of 
Figur8 3(S£QIDN0S:2and5). 

In a specific aspect the invention provides an isolated CHEPO pot^eptide without the N-tenninal signal sequence 
5 andlor the initiating mathionbe and is encoded by a nucleotide sequence that encodes such an amino acid sequence as 
hereinbefore descnbed. Processes for producing the same are also herein described, wherein those processes comprise 
culturing a host cell comprising a vector wluch comprises the appropriate encoding nudeic acid molecule under conditions 
suitable for expression of the CHEPO polypeptide and recovering the CHEPO polypeptide from the ceO culture. 

In yet another aspect the invention concerns an isolated CHEPO polypeptide, comprising the sequence of amino 

1 0 acid residues from about 1 or about 28 to about 1 93, inchiswe, of Figure 3 (SEQ ID N0S:2 and 5), or a fragment thereof 
which Is biologically active or sufficient to provide a binding site for an anti-CHEPO antibody, wherein the identification 
of CHEPO polypeptide fragments that possess bidogicd activity or provide a binding site for an anti-CHEPO antibody may 
be accomplished in a routine manner using techniques which are weB known in the art Preferably, the CHEPO fragment 
retains a qualitative biological acthdty of a nathre CHEPO polypeptide. 

15 bi a still furtiier aspect, tiie invention provides a polypeptide produced by (i) hybridizing a test DNA molecule 

under stringent conditions whh (a) a DNA molecule encoding a CHEPO polypeptide having the sequence of amino acid 
residues from about 1 or about 28 to ^ut 193, mchisive, of Hgure 3 (SEQ ID NDS:2 and 5), or (b) tite complement of tim 
DNA molecule of (a), and if tiie test DNA molecule has at least about an 80% nucleic add sequence identity, alternatively 
at least about 81% nudeic acid sequence identity, altemafnreiy at least about 82% nuddc add sequence identity, 

2 0 alternatively at least about 83% nudeic add sequence identity, alternatively at least about 84% nuddc acid sequoice 
identity, attematively at least about 85% nudeic acid sequence idoitity, alternatively at least about 86% nucleic add 
sequence identity, alt^atively at least about 87% nudek add sequence identity, alternatively at least about 88% nudeic 
add sequence identity, altemathrely at least about 89% mideic acid sequence identity, ahematively at least about 90% 
nudeic acid sequence identity, altemathrely at least about 91% nucleic acid sequence identity, alternatively at least about 

25 92% nudeic acid sequence identity, attematively at least about 93% nuddc add sequoice identity, att^atively at least 
about 94% nucleic add sequence identity, altemathrely at least about 95% nudeic add sequence identity, alternatively 
at least about 96% nucleic add sequence identity, alternatively at least about 97% mideic add sequence identity, 
ah^tively at least about 98% nucleic add sequence identity and ahematively at least about 99% nudeic acid sequence 
identity to (a) or (b), fu) culturing a host cell comprising tiie test DNA molecule under conditions suitable for expression of 

30 tiie polypeptide, and (iii) recovering the polypeptide from the cell culture. 

in another embodhnent, the invention provides chimeric molecules comprising a CHEPO polypeptide fused to a 
heterologous polypeptide or anino acid sequence, wherein tite CHEPO polypeptide may comprise any CHEPO pdypeptide, 
valiant or fragment thereof as hereinbefore described. An example of such a chimeric molecule comprises a CHEPO 
polypeptide fused to an epitope tag sequence or a Fc region of an hnmunoglobulin. 
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In another embodiment, the invention pnnrides an antbody as defined below which spedficaOy binds to a CHEPO 
polypeptide as herembefore descrflied. Option^, the antibody is a monoclonal antibody, an antibody fragment or a single 
chain antibody. 

In yet another embodiment the invention concerns agonists and antagonists of a native CHEPO polypeptide as 
5 defmed below. In e particular embodiment, the agonist or antagonist is an anti-CHEPO antibody or a small molecule. 

In a further embodnnent the inventmn concerns a method of identifying agonists or antagonists to a CHEPO 
polypeptide which comprise contacting tiie CHEPO polypeptide witii a candidate molecule and monitoring a biological 
activity mediated by said CHEPO polypeptide. Preferably, tiie CHEPO polypeptide is a native CHEPO polypeptiite. 

In a still furtiier embodiment, the invention concerns a composition of matter comprising a CHEPO polypeptide, 
10 or an agonist or antagonist of a CHEPO polypeptide as herein desiTibed, or an anti-CHEPO antibody, in combination witii 
a carrier. Optionally, the carrier is a pharmaceutically acceptable carrier. 

Another embodiment of the present invention is directed to the use of a CHEPO polypeptide, or an agonist or 
antagonist thereof as herein described, or an anti-CHEPO antibody, for the preparation of a medicament useful m tiie 
treatment of a condition which is responshre to tiie CHEPO polypeptide, an agonist or antagonist thereof or an anti-CHEPO 
15 antibody. 

Yet another embodiment of the present mvention is directed to CHEPO polypeptides having altered glycosyiation 
patterns in one or more regions of tiie polypeptide as compared to tiie native sequence CHEPO polypeptide, preferably in 
the region surrounding and/or inchiding amino acid position 84 in the CHEPO amino adds sequence shown in Figure 3 {SEQ 
ID N0S:2 and 5). In various embodsnents, CHEPO variant polypeptides are prepared using well known techniques so as 

20 to create an N- or 0-Gnked glycosyiation site at or near ammo add position 84 in ti» CHEPO polypeptide sequence. For 
example, CHEPO polypeptides contemplated by the present invention inchide those where (a) amino adds 81-84 of the 
CHEPO amino add sequence shown in Figure 3 (SEQ ID N0S:2 and 5) (Le., Met-Glu-Val-Arg; SEQ 10 N0:6) are repbced by 
the amino add sequem» Asn-X-Ser-X (SEQ ID N0:7) or Asn-X-Thr-X (SEQ ID N0:8), where X is any amino add except for 
Pro; (b) amino adds 82-85 of the CHEPO amino add sequence shown in Figure 3 (SEQ ID N0S:2 and 5) 0.6., Glu-Val-Arg- 

25 Gbi; SEQ ID N0:9) are replaced by the amino add sequence Asn>X-Ser-X (SEQ ID N0:7) or Asn-X Thr-X (SEQ ID N0:8), 
where X is any amino add except for Pro; (c| anuno adds 8346 of tin CHEPO amino add sequemie shown m Figure 3 (SEQ 
iO N0S:2 and 5) Val-Arg-Gh-Gbi; SEQ ID N0:10| are replaced by tiie amino acid sequence Asn-X-Ser-X (SEQ ID N0:7) 
or Asn-X-Thr X (SEQ ID N0:8), where X is any amino add except for Pro; or (d) amino adds 84-87 of the CHEPO amino 
add s^uence shown in Figure 3 (SEQ ID N0S:2 and 5) (i.e., Arg-Gln-Gln-Ala; SEQ ID N0:1 1) are replaced by tiie annno add 

3 0 sequence Asn-X-Ser-X (SEQ ID I\I0:7) or Asn-X-Thr-X (SEQ ID N0:8), where X is any amino acid except for Pro, tiiereby 
creating an N-glycosylation site at those positions. Nucleic adds encoding tiiese variant polypeptides are also 
contemplated herdn as are vectors and host cells compris'mg those nucleic adds. 

BRIEF DESCRIPTIDM DP THE DRAWINGS 
3 5 Figures 1 A-C show a nucleotide sapience (SEQ ID N0:1) of an isolated genomic DNA molecule containing a 

nudeotide sequence (nucleotides 134-146, 667-812, 107M157, 17601939 and 2074-2226, exdushre of otiim) 
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encoding native sopsnce CHEPO. Also presental in the genonnc sequence ere the locations of the start codon, exons and 
inuons as well as the amino acid sequence (SEQ ID N0:2) encoded by the codmg s«|uaice of SEQ ID N0:1. 

Figure 2 shows the cDNA sequence of the CHEPO molecule (SEQ ID NG:3) and tin amino acid sequosce encoded 
thereby (SEQ ID N0:2). 

5 Figure 3 shows a comparison of the human erythropoietin amino add sequence (human) (SEQ ID N0:4) and that 

of the ctdmp erythropoietin (ch^o) descrflied bsmu wherein the amino acid designated X at amino acid position 142 of 
the CHEPO sniuence is eititer glutamme (SEQ ID N0:2| or lysine (SEQ ID N0:5). 

DETAILED DESCRIPTIDM OF THE PREFERRED EMBODIMEWTS 
10 I. DefinitiDns 

The terms "CHEPO polypeptide", "CHEPO protein" and "CHEPO" when used herein encompass native sequence 
CHEPO and CHEPO polypeptide variants (which are furtiier defmed herein). The CHEPO polypeptide may be isolated from 
a variety of sources, such as from human tissue types or from anotiier source, or prepared by recombinant and/or syndietic 
methods. 

15 A "native sequence CHEPO" comprises a polypeptide having the same amino acid sequence as a CHEPO derived 

from nature. Such native sequence CHEPO can be isolated from nature or can be produced by recombinant and/or syntiietic 
means. The term "native sequence CHEPO" specificaily enctunpasses naturally-occurring truncated or secreted forms {e.g,, 
an extracelhdar domain sequence), naturaUy-occurrirtg variant forms {e.g., alternatweiy spliced forms) and naturally- 
occurring alle&c variants of the CHEPO. In one embodiment of the invention, tiie native sojuence CHEPO is a mature or 

2 0 fuB4engtii native sequence CHEPO comprismg ammo acids 1 to 193 of Figure 3 (SEQ ID N0S:2 and 5). Also, whBe the 

CItPO polypeptides (Esdosed in Figure 3 (SEQ ID N0S:2 and 5) is shown to begin with tiie methionine residue des^nated 
herein as amino acid position 1, it is conceivable and possible tiiat anotiier metiiiorane residue located eitiier upstream or 
downstream from amino acid position 1 in Figure 3 (SEQ ID N0S:2 and 5) may be employed as tiie starting amino acid 
residue for the CHEPO polypeptide. 

25 "CHEPO variant polypeptide" means an active CHEPO polypeptide as defmed below having at least about 80% 

amino acid saiuence identity witii tie wrnio acid seqinnce of (a) residues 1 or about 28 to 1 93 of the CHEPO polypeptide 
shown in Figure 3 (SEQ ID N0S:2 ami 5), Oi) X to 193 of tite CHEPO polypeptide shown m Figure 3 (SEQ ID N0S2 and S], 
wherein X is any amino acid residue from 23 to 32 of Figure 3 (SEQ ID NQS:2 and 5) or (c) another spnifically derived 
fragment of the amino acid sequence shown in Rgure 3 (SEQ ID N0S2 and 5). Such CHEPO variant polypeptides inchide, 

30 for instance, CHEPO polypeptides wherein one or more amino acid residues are added, or deleted, at tiie N- and/or C- 
terminus, as well as witiiin one or more internal domains, of the sequence of Figure 3 (SEO ID I\I0S:2 and 5). Orcfinarily, 
a CHEPO variant polypeptide will have at least about 80% amino acid sequ^ce identity, alternatively at least about 81% 
amino acid sequence identity, alternatively at least about 82% amino add sequence identity, alternatively at least about 
83% amino add sequence identity, alternatively at least about 84% amino add sequence identity, alternatively at least 

3 5 about 85% amino add sequence identity, alternatively at least about 86% amino add sequence identity, alternatively at 

least about 87% anuno add sequence idoitity, alternatively at least about 88% amino add sequence identity, alternatively 
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at isast about 89% amino acid sequence identity, alternatively at least about 90% amino acid soiuence identity, 
alternatively at least about 91% amino add sequence identity, altematively at least about 92% amino acid sequence 
identity, alternatively at least about 93% amino acid sequence identity, altematively at least about 94% amino acid 
sequence identity, alternatively at least about 95% amino acid sequence identity, altematively at least about 96% anino 
5 acid sequence identity, alternatively at least about 97% annno add sequence identity, alternatively at least about 98% 
anuno acid sequence identity and ahemativdy at least about 99% amino add sequence identity with (a) residues 1 or about 
28 to 193 of the CKEPO polypeptide shown in Rgure 3 (SEQ 10 N0S:2 and 5), (b) X to 193 of the CHEPO polypeptide 
shown in Figure 3 (SEQ ID N0S:2 and 5), vifherein X is any amino acid residue from 23 to 32 of Figure 3 (SEQ ID N0S:2 
and 5) or (c) another specifically derhred fragment of the amino acid sequence shown in Figure 3 (SEQ ID N0S:2 and 5). 

10 CHEPO variant polypeptides do not encompass the native CHEPO polypeptide sequence. Ordinarily, CHEPO variant 
polypeptides are at least about 10 amino adds in length, altematively at least about 20 amino adds in length, ahmatively 
at least about 30 amino adds in length, aitemathrely at least about 40 amino adds in lengtii, alternatively at least about 
50 amino acids in length, attematively at least about 60 amino adds in length, aitemathrely at least about 70 amino adds 
in lengtii, alternatively at least about 80 amino adds In length, aitemathrely at least about 90 amino adds in length, 

15 altematively at least about 100 amino adds in length, altematively at least about 150 amino adds in lengtii, ahematively 
at least about 200 amino adds in length, alternatively at least about 300 amino adds in length, or more. 

'Percent (%) amino add sequence identity' with respect to tiie CHEPO polypeptide sequences identified herein 
is defined as the percentage of amino acid residues in a cahtSdate sequence tiiat are identical with tiie amino add residues 
m a CHEPO sequence, after afighing the sequences and introducing gaps, if necessary, to achieve the maximum percoit 

20 s^uence identity, and not considering any conservat'nre substitutions as part of the sequence identity. Alignment for 
purposes of detemiinmg percent amino acid sequence idonity can be achieved in various ways tiiat are within the skfll in 
tiie art for instance, using pubficly availaUe computer software sudi as BLAST, BLAST>2, ALIGN, ALI6N-2 or Megal^n 
IDNASTAR] software. Those skilled in the art can determine appropriate parameters for measuring alignment, includmg 
any algorithms needed to achieve maximal alignment over the fulHengtii of the sequences being compared. For purposes 

2 5 herein, however, % ambio add sequence identity vahies are obtained as described bdow by using the sequence comparison 

computer program AU6N-2. wherein the complete source code for die ALIGN-2 program is providoi in Table 1 bdow. The 
ALIGN-2 sequence comparison computer program was authored by Gmntech, Inc. and tiie source code shown in Table 
1 has been fOed witii user documentation m the U.S. Copyright Office. Washington D.C., 20559, where it is registered 
under U.S. Copyright Registration No. TXU510087. The AUGN-2 program is pidificly available tiirough Genentedu Inc., 

3 0 South San Frandsco, Califonua or may be compOed from the source code provided m Table 1. The ALI6N-2 program should 

be compiled for use on a UNIX operating system, preferably digital UNIX V4.0D. Ail sequence comparison parmneters are 
set by the ALIGN-2 program and do not vary. 

For purposes herein, the % amino acid sequence identity of a gwen amino acid sequence A to, witii, or against 
a giv»i amino add sequence B (winch can altematively be phrased as a given amino add sequence A that has or compri^ 
35 a certain % amino acid sequence identity to, with, or against a ghren amino add sequence B) is calculated as f oflows: 
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100 times the fraction X/Y 

where X is the number of ammo acid residues scored as identical matches by the sequence alignment program AU6N-2 
in that progran s angnment of A and B, and where Y is the total number of amino acid residues in B. It will be appreciated 
5 that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the % mm acid 
sequence Identity of A to B wiQ not equal the % amino add sequence identity of B to A« As examples of % ammo acid 
sequence identity calculations, Tables 2 and 3 below demonstrate how to calculate the % amino acid sequence identity 
of the amino acid sequence designated Comparison Protein to the amino acid sequence designated PRO . 

Unless specifically stated otherwise, ail % amino acid sequence identity values used herein are obtained as 

10 described above using the ALIGN-2 sequence comparison computer program. However, % amino acid sequence identity 
may also be determined using the sequence comparison program NCBI-BLAST2 (Altschul et aU Nucleic Adds Res. 
25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be downloaded from 
http-J/wwwj!cbLninLnih.gov or otherwise obtained from the National Institute of Health, Bethesda. MD. NCBI BLAST2 
uses several search parametm, wherein all of those search parameters are set to default vahies including, for example, 

15 unmask - yes, strand - all, expected occurrences - 10, minimum low complexity length - 1 5/5, multi-pass e-value - 
0.01, constant for multi-pass - 25, dropoff for final gapped alignment - 25 and scoring matrix - BL0SUM62. 

In situations where NCBI-BLAST2 is employed for amino add sequence comparisons, tiie % amino add sequence 
identity of a given amino acid sequence A to, with, or against a ghren ammo add sequence B (whidi can alternatively be 
phrased as a ghren amino add sequence A that has or comprises a certain % amino add sequence identity to, with, or 

2 0 against a ghren anuno add sojuence B) is calculated as follows: 

100 times the fraction X/Y 

where X is the number of amino add residues scored as identical matches by the sequence alignment program NCBI- 

2 5 BLAST2 in that program s alignment of A and B, and where Y is tiie total mmdier of amino acid residues in B. It will be 

appredated tiiat where the length of amino add sequence A is not equal to the length of amino acid sequence B, tiie % 
amino add sequence identity of A to B will not equal tiie % amino acid sequence identity of B to A. 

"CHEPO variant polynudeotide" or CHEPO variant nucleic add sequence means a nudeic add molecule which 
encodes an active CHEPO polypeptide as defined below and which has at least about 80% nucleic acid sequence identity 

3 0 with eitiier (a) a nucleic add sequoice which encodes residues 1 or about 28 to 1 93 of the CHEPO polypeptide shown in 

Figure 3 (SEQ ID N0S:2 and 5), (b) a nudeic add sequence whidi encodes residues X to 193 of the CHEPO polypeptide 
shown in Rpre 3 (SEQ ID N0S:2 and 5), where'm X is any amino add residue from 23 to 32 of Figure 3 (SEQ ID N0S:2 
and 5) or (c) a nudeic add sequence which encodes another spedfically derived fragment of the amino add sequence 
shown in Rgure 3 (SEQ ID N0S:2 and 5). Onfinarily. a CHEPO variant polynudeotide will have at least about 80% nudeic 
35 add soiuence identity, alternatively at least about 81 % nudeic add sequence identity, alternatively at least about 82% 
nudeic add sequence identity, ahmiativeiy at least about 83% nucleic add sequence identity, ahematively at least about 

10 
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84% nucidc add sequence id&itity. attemativeiy at hast about 85% nucloc add sequence idoithy, alternatively at bast 
about 86% mideic add sequence identity, alternatively et least about 87% nudeic acid sequence identity, ahmatively 
at least about 88% nudeic acid sequence identity, altemativeiy at least about 89% mideic acid sequence identity, 
altematively at least about 90% nucleic add sequence identity, ahematively at least about 91% nuddc acid sequence 
5 identity, alternatively at least about 92% nudeic add sequence identity, eltematively at least about 93% nuddc add 
sequence identity, altematively at least about 94% nudeic add sequoice identity, altematively at least about 95% noetic 
add sequence identity, alternatively at least about 96% nucleic add sequence identity, altemativeiy at least about 97% 
nucleic add sequence identity, alternatively at least about 98% nudeic add sequence Identity and altematively at least 
about 99% nudeic add sequence identity with either (a) a nucleic add sequence which encodes residues 1 or about 28 

10 to 193 of the CHEPO polypeptide shown in Figure 3 (SEQ ID N0S:2 and 5), (b) a nudeic add sequence which encodes 
residues ^ to 193 of the CHEPO polypeptide shown in Figure 3 (SEQ ID N0S:2 and 5), wheran X is any amino add residue 
from 23 to 32 of Figure 3 (SEQ ID N0S:2 and 5) or (c) a nudeic add ^quence Wfhich encodes another specificafly derived 
fragment of the amino acid sequence shown in Figure 3 (SEQ ID N0S:2 and 51. CHEPO poiynudeotide variants do not 
encompass the native CHEPO nucleotide sequence. 

15 Ordinarily, CHEPO variant polynudeotides are at least about 30 nudeotides in length, altematwely at least about 

60 nudeotides m loigth, altematnely at least about 90 nudeotides in length, altematively at least about 120 nudeotides 
in length, altematively at least about 150 nudeotides in length, alternathrely at least about 180 nucleotides in length, 
altarnatively at least about 210 mideqtides in length, altemathreiy at least about 240 mideotides in length, ahcmatwely 
et least about 270 nudeotides in length, alteraatively at bast about 300 mideotides oi bngth, alternatively at least about 

20 450 nudrotides in length, altematively at least about BOO nucleotides m bngtii, alt^atively at least about 900 
nudeotidn in bngth, or more. 

"Percent (%) nucleic acid sequence identity" with respect to the CHEPO polypeptide-encoding nudeic add 
sequences identified herdn b defined as tiie percentage of mideotides in a caniSdate sequence tiiat are identical witii the 
nudeotides in a CHEPO poiypeptide^ncodhig nudeb add sequence, after idiping tiie sequoices and intradudng gaps, if 

2 5 necessary, to achbve tiie manmum percent sequence Identity. Alignmem for purposes off detomirang percent nudeb add 

sequem:e identity can be adibved in various ways tiiat are witiiin the skill in tfie art for mstance, usii^ pubBdy avaflabb 
computer software sudi as BLAST, BLAST.2, AU6M AUG»2 or Megalign (DNASTAR) software. Those sUbd in tim art 
can detennine appropriate parameters for measuring alignment induding any algoritiims needed to aclueve maxbnal 
alignment over tiie full-length of the sequences being compared. For purposes herdn, however, % nucldc acid sequence 

3 0 identity vahies are obtained as described below by using the sequence comparison computer program ALI6N-2, wherein 

tiie complete source code for the AUBN-2 program is provided in Table 1. The AIJGN-2 sequence comparison computer 
program was amhored by Genentech, Inc. and tiie source code shown in Tabta 1 has been filed writii user documentation 
in the U.S. Copyright Office, Washington D.C., 20559, where it is registered under U.S. Copyright Registration No. 
TXU510087. The ALIGN-2 program is puUicly availabb tiirough Genentech, hiL, Soutii San Francisco, Califomia or may 
35 be compited from tiie source code provided in Tabb 1. The AUGN-2 program should be compOed for use on a UNIX 
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operating system, preferably digital UNIX V4.0D. AD sequence comparison parameters are set by the AIJ6N-2 program 
and do not vary. 

For purposes herein, the % mideic add sequence identity of a given nucleic add sequence C to. with, or against 
a given nudeic add sequence D (which can aitemativdy be phrased as a given nucleic ecid sequence C that has or 
5 comprises a certdn % nucleic add sequence identity to, with, or against a ghren nudeic edd sequoice D) is calculated as 
foDows: 

100 times the fraction W/Z 

1 0 where W is the number of nudeotides scored as identical matches by the sequence alignment program AIJGN-2 in that 
program s alignment of C and D, and where 2 is the total number of nucleotides in D. It will be appredated that where 
the length of nudeic add sequence C is not equal to the length of nucleic acid sequence D, the % nudeic add sequence 
Identity of C to D will not equal the % nudeic add sequence identity of D to C. As examples of % nudeic add sequence 
identity calculations, Tables 4 and 5 below demonstrate how to calculate the % nudeic acid sequence identity of the 

15 nudeic edd sequence designated Comparison DNA to the nudeic acid sequence designated PRO-DNA . 

Unless spedfically stated otherwise, all % nucleic add sequence identity values used herein are obtained as 
described above using the ALIGN-2 sequence comparison computer program. However, % nucleic add sequence identity 
may also be detemiined usmg the sequence comparison program NCBI-BIAST2 (Altschid at aL Nudeic Adds Res. 
25:3389-3402 119971). The NCBI-BLAST2 sequence comparison program may be downloaded from 

2 0 http:/;www.ncbi.nfaLnih.gov or otherwise obtamed from the National Institute of Health, Bethesda, MO. NCBI-BIAST2 
uses several search parameters, wherdn aO of those search parameters are set to default vahies includmg, for example, 
unmask - yes, strand - all expected occurrences - 10, miiwnum low complexity length - 15/5, multi-pass e-vahie - 
0.01, constant for multi-pass - 25. dropoff for final gapped alignment - 25 and scoring matrix - BL0SUMB2. 

In dtuations where NCBI BLAST2 is employed for sequence comparisons, the % nudnc add sequence identity 

25 of a given nuddc add sequence C to. witfi, or against a ^ nudeic add sequence 0 (wMdi can altemathrely be phrased 
as a ghren nudeic add sequence C that has or comprises a certain % nucleic add sojuence identity to, witii, or against 
a given nuddc add sequence D) is calculated as follows: 



100 times the fraction W/Z 

30 

where W is the number of nucleotides scored as identical matches by the sequence alignment program NCBI-BLAST2 in 
that program s afignment of C and D, and where Z is the total number of nudeotides m 0. It will be appreciated tiiat where 
tiie length of nudeic add sequence C is not equal to tte length of nucleic add sequence 0, tiie % nudeic add sequence 
identity of C to D will not equal tiie % nucleic add sequence identity of D to C. 
35 In other embodiments, CHEPO variant polynudeoti&s are nudeic edd mdecdes tiiat encode an active CHEPO 

polypeptide and which are capable of hybridizing, preferably under stringent hybridization and wash conditions, to 
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nudeotida sequences encoifing the fulHength CHEPO pdyp^itide shown in Figure 3 (SEQ ID N0S:2 and 5). CHEPO variant 
polypeptides may be those that are encoded by a CHEPO variant polynucleotide. 

The term "positives", in the context of the amino acid sequoice identity comparisons performed as described 
above, inchides amino acid residues in the sequences compared that are not only identical, but also those that have sbralar 
5 properties. Amino acid residues that score a positive vahie to an amino acid residue of interest are those that are eitter 
identical to the amino add residue of biterest or are a preferred substitution (as defined in Table 6 betow) of the amino add 
residue of interest 

For purposes herein, the % vahie of positives of a given amino acid sequence A to. witii. or against a given amino 
acid sequence B (which can alternatively be phrased as a g'nren amino add sequence A tiiat has or comprises a certain % 
1 0 positives to, with, or against a given amino add sequence B) is calculated as follows: 

100 times the fraction X/Y 

where X is the number of amino add residues scoring a positive value as defined above by the sequence alignment program 

15 ALIGN-2 in that program s alignment of A and B, and where Y is the total number of amino add residues m B. It will be 
appreciated that where the lengtii of amino acid sequence A is not equal to the lengtii of amino add sequence B, the % 
positives of A to B will not equal the % positives of B to A. 

"Isolated," when used to describe tfie various polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its natural environment Preferably, tin isolated polypeptide 

20 is free of association with all components witii which it is naturally associated. Contaminant components of its natural 
environment are materials tiiat wouU typically interfere witfi diagnostic or therapeutic uses for tiie polypeptide, and may 
indude enzymes, hormones, and otiier proteinaceous or noi)-prot6inaceous solutes. In preferred embod'unents, tiie 
polypeptide will be purified (1) to a degree sufficient to obtain at least 15 residues of N-termmal or internal amino add 
sequence by use of a spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under non-Tedudng or redudng 

25 conditions using Coomassie bhie or, preferably, sihrer stain. Isolated polypeptide includes polypeptide m dtu witiini 
recombinant cells, smce at least one component of the CHEPO natural environment will not be present Ordinarily, 
however, isolated polypeptide will be prepared by at least one purification step. 

An "isolated" nudeic acid molecule encoding a CHEPO polypeptide is a nudeic add molecule tiiat is identified 
and separated from at least one contaminant nudeic add molecule with which it is orcfinarily associated in tiie natural 

3 0 source of tiie CHEPO-encoding nudeic acid. Preferably, tiie isolated nudeic is free of assodation witfi aD components witii 
which it is naturally assodatei An isolated CHEPO encoding nuddc add molecule is otiier than in tiie form or setting in 
which it is found in nature. Isdated nudeic add molecules therefore are distinguished from the CHEPO-encoding nudeic 
acid molecule as it exists in natural cells. However, an isolated nudeic add molecule encoding a CHEPO polypeptide 
indudes CHEPO^coding nudeic acid molecules contained in cells tiiat ortenarily express CHEPO wrtiere, for exampte, tiie 

3 5 nudeic add molecule is in a chromosomal location different from tiiat of natural cells. 
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The tarn "control seqinnces" refers to DMA secpjencos necessary for the expression of an operably Bnked coding 
sequence in a particular host organism. The control sequences that are suitable for prokaryotes, for example, include a 
promoter, optionally an operator sequence, and a rtbosome binding site. Eukaryotic cells are known to utilize promoters, 
polyadenylation signals, and enhancers. 
5 Nucleic acid is "operably Imked" when it is placed into a functional relationship with another nucleic acid 

sequmice. For example, DMA for a presequence or secretory leader is operably finked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or enhancer Is operably finked 
to a coding sequence if it affects the transcription of the sequence; or a ribosome bmiEng site is operably finked to a coding 
sequence if it is positioned so as to f acifitate translation. Generally, "operably Onked" means that the DNA sequences being 

1 0 linked are contiguous, and. m the case of a secretory leader, contiguous and in reading phase. However, mihancers do not 
have to be contiguous. Linking is accomplished by Ggation at convenient restriction sites. If such sites do not exist, the 
synthetic oGgonudeotide adaptors or linkers are used in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and specifically covers, for example, single anti-CHEPO 
monoclonal antibodies (includ'mg agonist, antagonist, and neutralizing antibodies), anti CHEPO antibody compositions with 

1 5 polyepitopic spedficity, single chain anti-CHEPO aniibocfies, and fragments of anti-CHEPO antibodiBS (see below). The term 
•monoclonal antibody" as used herein refers to an antibody obtained from a population of substantially homogeneous 
antibodies. Aft, the indhridual antibodies comprising the population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. 

"Stringency" of hybridization reactions is readily determinable by one of ordmary skill in the art, and generally 

20 is an enqiirical calculation dependent upon probe length, washing temperature, and salt concenuation. In general, longer 
probes require higher temperatures for proper anneafing, while shorter probes need lower temperatures. Hybridization 
generally depends on the abifity of denatured DNA to reanneal when comidementary strands are present in an en\nronment 
below their meltmg temperature. The higher the degree of desired homology between the probe and hybridizable sequoice, 
the highff the reiathre tonperature wluch can be used. As a result, it follows that higher relative tonperatures wouM tend 

2 5 to make the reaction conditions more stringent while lower temperatures less so. For additional details and explanation 

of stringency of hybridization reactions, see Ausubel etaf^ Current Protocols in Molecular Biolonv. Wilsy Interscience 
Publishes, (1995). 

"Strmgent conditions" or "high stringency conditions", as deTmed herein, may be idratified by those that (1) 
employ low ionic strength and high temperature for washing, for example 0.Q15 M sodium chloride/0.0015 M sodhmi 

3 0 citrate/0.1 % sodium dodecyl sulfate at 50 C; 12) employ during hybridization a denaturing agent such as fomiamide, for 

example. 50% (vM formamide with 0.1% bovine serum aIbunun/0.1% RcolI/0.1% polyvinylpyrrondone/50mM sotfium 
phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodhnn citrate at 42 C; or (3) employ 50% formamide, 
5 x SSC (0.75 M NaCI, 0.075 M sodhjm citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x 
Denhardt s sohition, sonicated sahnon sperm DNA (50 g/ml), 0.1% SOS, and 10% dextran sulfate at 42 C. with washes 
35 at 42 C in 0.2 1 SSC (sodium chloride/sodium ciuate) and 50% formamide at 55 C, followed by a high-stringency wash 
consisting of 0.1 x SSC containing EDTA at 55 C. 
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'Moderately stringent conditions" may be identified as described by Sambrook et Molecular CInmnn: A 
Laboratory Manual. New York: Cold Spring Harbor Press. 1989, and include the use of washing solution and hybriifization 
conditions (e.g., temperature, Ionic strength and %SDS| tess stringent that those described above. An example of 
moderately stringent conditions is overnight mcubation at 37 C in a sohition comprising: 20% formamide, 5 x SSC (150 
5 mM NaCl, 1 5 mM trisodium citrate), 50 mM sodhim phosphate (pH 7.6), 5 x Dariiardt s solution, 10% dextran sulfate, and 
20 mg/mJ denatured sheared salmon sperm DMA, followed by washing the filters in 1 x SSC at about 37*50 C* The skSled 
artisan will recognize how to adjust the temperature, ionic strength, etc as necessary to accommodate factors such as 
probe length and the like. 

The term "epitope tagged" when used heran refers to a chimeric polypeptide comprising a CHEPO polypeptide 

1 0 fused to a "tag polypeptide". The tag polypeptide has enough residues to provide an epitope against which an antibody 
can be made, yet is short enough such that it does not interfere with activity of the polypeptide to which it is hjsed. The 
tag polypeptide preferably also is f airiy unique so that the antibody does not substantiaDy cross-react witii otiier epitopes. 
Suitable tag polypeptides generally have at least six amino acid residues and usually between about 8 and 50 amino add 
residues (preferably, between about 10 and 20 amino add residues). 

15 As used herein, the term "immunoadhesin" designates antibody-like molecules which combine the binifing 

specificity of a heterologous protein (an "adhesin") witii the effector functions of immunoglobulin constant domains. 
Structurally, the immunoadhesins comprise a fusion of an amino add sequence with tiie desired binding specifidty whid) 
is ottier dian the antigen recognition and binding dte of an antibody (i.e.. is "heterologous"), and an immunoglobulin 
constant domain sequence. The adhesin part of an immunoadhesin molecule typically Is a contiguous amino add sequence 

20 comprisuig at least the binding site of a receptor or a ligand. The immunoglobidin constant domain sequence in the 
nnmunoadhesin may be obtained from any immunoglobulin, such as lg6-1, lg&2, lg6-3, or Ig64 subtypes, IgA finduding 
lgA-1andlgA-2),lgE,lgDorlgM. 

"Act»e" or "activity" for the purposes herein refers to form(s) of CHEPO which retain a biological and/or an 
immunological activity of native or naturalty occurring CHEPO. wherein biological activity refws to a biological function 

25 (erther inhaiitory or stimulatory) caused by a nathre or naturally-occurring CHEPO otiier tiian tiie ability to induce the 
production of an antibody against an antigenic epitope possessed by a netive or naturally-occurring CHEPO and an 
immunological activity ref as to the abifity to induce the production of an antSiody against an antigenic ^ope possessed 
by a nat'nre or naturally-occurrmg CHEPO. Preferred btological acthnties inchides, for example, the abiity to regulate red 
blood cell production, to bind to receptors on tiie surface of committed progenitor cells of the bone marrow and/or otiier 

3 0 hematopoietic tissues and/or to mduce proliferation and/or terminal maturation of erythroid cells. 

The term "antagonist" is used in tiie broadest sense, and mcludes any molecule that partially or fully blocks, 
inlubits. or neutralizes a biological activity of a native CHEPO polypeptide disdosed herein. In a similar manner, die t^m 
"agonist" is used in the broadest sense and mcludes any molecule that mimics a biological activity of a native CHEPO 
polypeptide dbdosed hereia Suitable agonist or antagonist molecules spedficaOy indude agonist or antagonist antibodies 

35 or antibody fragments, fragments or amino add sequence variants of nathre CHEPO polypeptides, peptides, small organic 
moleculasi etc Methods for identifying agonists or antagonists of a CHEPO polypeptide may comprise contacting a 
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CKEPO polypeptide whh a cantfidate agonist or antagonist motecuie and measuring a detectable change in one or more 
biological activities normally associated with the CHEPO polypeptide. 

"Treatmoit" refers to both therapeutic treatment and prophylactic or preventative measures, wherein the object 
is to prevoit or slow down (lessen) the targeted pathologic comfition or disorder. Those in need of treatment include those 
5 already with the disorder as well as those prone to have the disorder or those in whom the disorder is to be preventei 

"Chronic" administration refers to administration of the agentls) in a continuous mode as opposed to an acute 
mode, so as to maintnn the initial therapeutn: effect (activity) for an extendi period of time, taterminent aifaninistration 
is treatment that is not consecutively done without interruption, but rather is cyclic In nature. 

"Mammar for purposes.of treatment refers to any animal classified as a mammal, including humans, domestic 
10 and farm anhnais, and zoo, sports, or pet animals, such as dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, etc 
Preferably, the mammal is human. 

Administration "in combination with" one or more further th^apeutic agents includes simultaneous (concurrent) 
and consecutive administration in any order. 

"Carriers" as used herein include phamiaceutlcaliy acceptable carriers, exclpients, or stabilizers which are 
15 nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations employed. Often the 
physiologicaiiy acceptable carrier is an aqueous pH buffered solution. Examples of physiologically acceptable carriers 
include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular 
weight (less tfian about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic 
polymers such as polyvinylpyrrolidone: amino acids such as glycine, glutamine, asparagine, arginine or lysine; 

2 0 monosaccharides, disaccharides, and odier carbohydrates inchiding glucose, mannose, or dextrins; chelating agents such 

as EOTA; sugar alcohols such as mannitdl or sortutob salt-forming counterions such as sodium; and/or noniomc surfactants 

such as TWEEN , polyethylote glycol (PEG), and PLURONICS . 

"Antibody fragments" comprise a portion of an intact antibody, preferably tiie ant^en binding or variable region 

of the intact antibody. Examples of antibody fragments mclude Fab, Fab', and Fv fragments; (fiabodies; linear 
25 antibodies (Zapata et aL, Protein Eng. 8(10): 1057*1062 [1995]); smgle^cham antibody molecules; and roultispecific 

antibodies formed from antibody fragments. 

Papam digestion of antibodies produces two identical ant^en-binding f ragmems, called "Fab" fragmoits, each 

vifith a single antigen^imSng site, and a residual "Fc" fragment a designation reflecting the ablTity to crystallize readily. 

P^sm treatment yields an Flab*)} fragment that has two antigen-combira'ng sites and is still capable of cross-linking 
30 antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding ate. This 
region consists of a dimer of one heavy* and one Gght chain variable dmnain in tight non-covalent association. It is in titis 
configuration that the three CDRs of each variable domain interact to define an antigen-bindng site on tiie swface of the 
Vh-Vi ifimer. CoDectively, tiie six CDRs confer antigen-binding specificity to the antibody. However, ieven a single variable 

3 5 domain (or half of an Fv comprising only three CDRs specific for an antigen) has tije abifity.to recognize and bind antigen, 

ahhough at a lower affinity tiian tiie entire bindbig site. 

16 
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The Fab frapent also comans the constant domain of the light chain and the first constant domam (CHI) of 
the heavy chain. Fab fragments differ from Fab fragments by the addition of a few residues at the carboxy terminus of 
the heavy chain CHI domain inchiding one or more cysteines from the antibody hinge r^ioa Fab'-SH is the designation 
herein for Fab' in which the cystdne residue(s) of the constant domains bear a free thiol group. Fiab'lz antibody fragments 
5 originally were produced as pairs of Fab* frapnents which have hinge cysteines between them. Other chemical coupfings 
of antibody fragments are also icnown. 

The "Dght chains" of antibodies fimmunoglobulins) from any vertebrate species can be assigned to one of two 
clearly distinct types, called kappa and lambda, based on the amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant domam of their heavy chains, immunoglobulins can be 
1 0 assigned to different classes. There are five major classes of immunoglobulins: IgA. IgD, IgE, IgG, and IgM, and sev^l 
of these may be further dwided Into subclasses (isotypes), e.g., IgGl, lgG2, lgG3, lgG4, IgA, and IgAZ 

"Single-chain Fv* or "sFv" antibody fragments comprise the VH and VL domains of antibody, wherein these 
domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a polypeptide linker 
between the VH and VL domains which enables the sFv to form the desired structure for antigen binding. For a review of 
1 5 sFv, see Ruckthun in The Pharmacology of Monoclonal Antibodies, vol. 1 1 3, Rosenborg and Moore eds., Springer-Veriag, 
New York. pp. 269-315 (1994). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which fragments 
comprise a heavy-chain variable domain (VH) connected to a light-chain variable domein (VL) in the same polypeptide chain 
(VH - VL). By using a linker that is too short to allow pairing between the two domains on the same chanu the domains 
20 are forced to pair with the complementary domains of another chain and create two antigen-binding sites. Diabodies are 
described more fully in, for example, EP 404.097; VifO 93/1 1 1 61; and HolSnger et aL, Proc NatL Acal ScL USA. 90:6444- 
6448(1993). 

An "isolated" antibody is one which has been identified and separated andfor recovered from a component of its 
natural environment. Contaminant componoits of its natural environment are materials which would interfere with 

25 diagnostic or therapeutic uses for the antibody, and may include mymes. hormones, and other proteinaceous or 
nonproteinaceous sohites. In preferred embodiments, the antibody wOl be purified (1) to greater than 95% by weight of 
antibody as determined by the Lov/ry method, and most preferably more than 99% by weight (2) to a degree sufficient 
to obt^n at least 1 5 residues of N temilnal or internal amino acid seqi»nce by use of a spinning cup sequenator. or (3) to 
homogeneity by SOS-PAGE under reducing or nonreducing conditions using Coomassie blue or, preferably, sihrer stain. 

3 0 Isolated antibody includes the antibody in situ within recombinant cells since at least one component of the antibody's 
natural environment will not be present. Ordinarily, however, isolated antibody wOl be prepared by at teast one purification 
step. 

The word "label" when used herein refers to a detectable compound or composition which is conjugated directiy 
or indirectiy to tiie antibody so as to generate a labeled" antibody. The label may be detectable by itself (e,g. radioisotope 
3 5 labels or fluorescent labels) or. In tiie case of an enzymatic labd, may catalyze chsnical alteration of a substrate compound 
or composition which is detectable. 
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By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention can adh^e. 
Examples of solid phases encompassed herein include those formed partiaDy or entirely of glass (e.g^ controDed pore glass), 
polysaccharides (e.g., agarose), polyacrylamidBs. polystyrene, polyvinyl alcohol and silicones. In certain embodiments, 
depending on the context the solid phase can comprise the wefl of an assay plate; in others it is a purification cohrnin (e.g., 
5 an affmity chromatography cohnnn). This term also includes a discontinuous solid phase of discrete particles, such as 
those descr&ed m U.S. Patent No. 4,275,149. 

A "Gposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant which is 
useful for delivery of a drug (such as a CHEPO polypeptide or antibody thereto) to a manmiaL The components of the 
liposome are commonly arranged in a bilayer formation, similar to the Kpid arrangement of biological membranes. 
10 A small molecule is defined herein to have a molecular weight below about 500 Daltons. 
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Table 1 



r 



10 



15 



20 



25 



30 



35 



* C'C increased from 12 to 15 

* Z is average of EQ 

* Bis average of ND 

* match with stop is J^; stop-stop - 0; J (joker) match - 0 
*l 

#define _M -8 1* value of a match with a stop *> 
int _day{26](26| - { 

r ABCDEFGHIJKLMNOPQRSTUVWXYZ*/ 



re*/ 

rz'i 

re*/ 
rfv 

rri 

ri'i 

I'M'I 

ro*; 
rf'i 

rs'i 
ri'i 
/•u*; 
rv; 
rw/ 
rx*/ 



2,0,-2.0,0.4,1.-1, 



1. 0,-1..2.1. 0._M, 1, 0,2, 1, 1, 0, 0,-6. 0,-3, 0}, 



0, 3,4. 3, Z-5, 0, l,-2. 0, 0,-3,-2, 2,_M,-1, 1, 0, 0, 0, 0,-2,-5, 0,-3, 1}, 
2,4,1 5,-5.-5.4.-3,-3.-2, 0,-5,-6,-5,4,_M,-3,-5,4, 0,-2, 0,-2,-8, 0, 0,-5}. 
0, 3,-5, 4. 3.-6, 1, l,-2. 0. 0.4.-3, 2,_M,.1, 2,-1, 0, 0, 0,-2,-7, 0,4, 2}. 

0. 2,-5, 3, 4,-5, 0. 1,-2, 0, 0.-3,-2. 1,_M.-1. 2.-1, 0. 0, 0,-2.-7, 0,4, 3}. 
4.-5.4.-6.-5. 9,-5,-2, 1, 0,-5. 2. 0.4,jyi.-5.-5.4.-3,-3, 0.-1, 0, 0, 7,-5}. 

1. 0. -3. 1. 0.-5. 5.-2,-3. 0.-2.4.-3. 0,_M.-1..1,-3. 1, 0. 0.-1.7. 0,-5, 0}. 

1. 1. -3, 1. 1.-2.-2. 6.-2. 0. 0.-2.-2. 2,_M. 0. 3. 2,1.-1. 0.-2.-3. 0, 0. 2). 

1, -2.-2.-2.-2. 1,-3,-2, 5. 0.-2. 2. 2.-2,_M.-2,-2,-2,l, 0. 0. 4,-5. 0.-1,-2). 

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0._M, 0. 0. 0. 0, 0, 0. 0. 0. 0. 0. 0}. 
1. 0,-5, 0. 0,-5.-2. 0.-2. 0. 5,-3, 0. l._M.-1. 1, 3, 0, 0. 0.-2.-3, 0.4. 0). 

2, -3.-6,4.-3. 2.4.-2, 2, 0,-3. 6. 4..3,_M.-3.-2,-3,-3,-1. 0, 2,-2. 0.-1.-2), 

1, -Z-5,-3,-2, 0. 3.1 2, 0. 0, 4. e,-2,_M,.M, 0,.2,-1. 0, %A. 0,M), 

0. 2.4. 2. 1.4. 0. 2,-2. 0, 1,-3,-2. 2._M.-1. 1. 0. 1, 0, 0.-2.4. Q.-2. 1). 
{_M._M,_M._M._M._M._M._M._M._III_M,_M,_M,_M,0._M._M._M._M^^ 

1. -1.-3.-1.-l.-5,l, 0,2. 0,-1.-3.-2.-l,_M, 6. 0, 0, 1. 0. 0,-1,-6, 0,-5, 0). 
0. 1.-5, 2, 2.-5.-1. 3.-2. 0. 1..2.-1, 1,_M. 0. 4. l.-l.-l. 0.2.-5, 0.4. 3). 
•2. 0,4,-1,-1,4.-3, 2.-2, 0. 3.-3. 0. 0._M. 0. 1. 8. 0.-1. 0.-2. 2. 0.4. 0). 
1. 0, 0. 0, 0.-3, 1,-1,-1, 0, 0,-3,-2, 1,_M, 1.-1. 0, 2. 1. 0,-1.-2. 0.-3. 0). 
1. 0,-2, 0. 0,-3, 0.-1. 0, 0, 0,-1,-1. 0,_M, 0,-l,-1, 1, 3. 0. 0,-5. 0,-3. 0). 
0, 0, 0. 0, 0. 0. 0, 0. 0. 0, 0, 0. 0. D,_M, 0, 0, 0, 0, 0. 0, 0, 0, 0, 0, 0), 
0,-2,-2,-2.-2.-1,-1.-2, 4, 0,-2. 2, 2.-2,_M,l,-2.-2,-l, 0, 0. 4,-6, 0,-2,-2). 
-6.-5,-8,-7,-7. 0,-7.-3,-5, 0,-3,-2,4,4._M,-6,-5, 2,-2,-5. 0,-6,17. 0, 0.-6}. 
0. 0. 0. 0. 0. 0, 0, 0. 0. 0. 0. 0, 0, a,_M. 0. 0. 0. 0, 0, 0. 0. 0. 0. 0. 0). 
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r Y 'I [-lA 0.4.-4, 7.-5. 0.-1, 0.4.-1.-2,-2._M,-5.-4,4.-3,-3. 0.-i 0, ai0.4}, 
riV { 0. 1.-5. Z 3,-5. 0, 2,.2, 0, 0..2..1. l._M, 0. 3, 0, 0, 0. 0.-2..6, 0.4, 4} 
): 
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^include <stdio.h> 
5 jRoelttde <ctypeJi> 



Table Hcont) 



10 



15 



Meflne MAXJMP 


16 


r maxjumpsinadiag*/ 


Mefine MAX6AP24 


(* don't continue to penalize geps larger than this */ 


jrdefine JMPS 


1024 


r maxjmpstnan path*f 


#defin8 MX 


4 


r save if there's at least MX*1 bases since 1 


Meflne OMAT 


3 


f * value of matching bases */ 


#d8fine DMiS 


0 


/* penalty for mismatched bases */ 


#define DINSO 


8 


/* penalty for a gap •/ 


#d8nne D1NS1 


1 


/* penalty per base */ 


#define PINSO 


8 


/* penalty for a gap */ 


Mefine PINS1 


4 


/* penalty per residue *J 
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struct jmp { 
short 



nlMAXJMPI; 



unsigned short xfMAXJMPl; 



}; 



r size of jmp (neg fordely)*/ 
r base no. of jmp iriseqx'/ 
r limits seq to 2' 16*1 *f 
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struct diag { 
int 
long 
short 
struct jmp 

}; 



Struct path { 
int 



score; /* score at last jmp*} 

offset; /* offset of prev block *t 

ijmp; /* current jmp index */ 

jp; /'list of imps*/ 



spc; 



r number of leading spaces 
short nlJMPS]; r size of jmp (gap) */ 
int xIJMPSt f * loc of jmp (last eiem before gap} *| 



35 }; 
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char 


•ofae; 


/* output fllanama*/ 


char 


*namexI2l' 


r seq names: getseqsO*/ 


char 


•prog; 


r prog name forerrmsgs */ 


char 


*seqx|2l- 


/* seqs: getseqsO *f 


int 


dmax; 


/• best diag: nw() */ 


int 


dmaxO; 


/* final diag '/ 


int 


dna; 


/* set if dna: main!) */ 


Int 


endgaps; 


/* set if penalizing end gaps */ 


int 


gapx, gapy; 


r total gaps in seqs *( 


int . 


lenO, leni; 


/• seq lens */ 


int 


ngapx, ngapy; 


/• total size of gaps */ 


int 


smax; 


/• max score: nwO*/ 


int 


•xbm; 


/* bitmap for matching */ 


long 


offset; 


/'current offset in jmpfile */ 


struct diag 


•dx; 


/* holds diagonals *\ 


struct path 


PPia 


r holds path for seqs */ 



PCr/USOO/12370 



20 



char 
char 



•callocO, •maUocO. 'indexO, •sucpyl); 
•getseqO, *g_cal!oc0; 
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Table 1(cont> 

/* Needleman-Wunsch alignment program 

* usage: progs ftlel file2 

5 * where filel and fileZ are two dna or two protein sequences. 

* The sequences can be in upper- or lower-case an may contain ambiguity 

* Any lines beginning with ' > ' or * < * are ignored 

* Max file length is 65535 {limited by unsigned short x in the jmp struct) 

* A sequence with 1 /3 or more of its elements ACGTU is assumed to be DNA 
10 * Output is in the file "align.out" 

* The program may create a tmp file in /tmp to hold info about traceback. 

* Original version developed under BSD 4.3 on a vax 8650 
•I 

15 finelude "nw.h" 
#inciuile"day.h" 



static Jbval[26] - { 

1,U,2,13A0A11,0A12,0,3.15m0,5,B,B.8,mi0.0 

20 }; 



static j)bvalI261 - { 

1, 2|(1< <rD'-'A'))| (1 < <rNVA1), 4, 8. 16, 32, B4. 
128.25B,0xFFFFFFF, 1< <10, 1 < <11J< <12, 1< <13, 1< <R 
25 l<<15.1<<18J<<17J<<18J<<19,1<<2ai<<21J<<22, 
1< <23. 1< <24, 1 < <25|(1 < <rEVA1)|(l < <fQVA*)) 



mainfac, av) inaln 
30 Int ac; 

char *av(L' 

{ 

prog - aWOl; 
if(ac!-3){ 

3 5 f printf (stderr.^usagr. %s filel fiie2ln', prog); 

fprintflstderr/where filel and fi!e2 are two dna or two protein $equences.ln"); 

23 
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f printf(std8rr,"Th8 sequmes can be in upper- or lower>case\n'h 
f printf(std8rr/Any fines beginning with V or ' < ' are tgnored\n"); 
f printf(stderr."Outpiit is in the f Be rangn.out\V); 
exitd); 

} 

namexfO) - avflk 

namexll] - avtZ]; 

seqx[0] - getseq(nam8XI0l &lenO); 

seqx[1] - getseq(namex[1L &len1); 

xbm - (dna)? .dbval : jbval; 

endgaps - 0; f * 1 to penalize endgaps */ 

ofile - "aiign.out"; /* output file '/ 

nwll; I* fpl in the matrix, get the possible jmps 

readjmpsU; /* get the actual jmps */ 
printi); I* print stats, alignment */ 

deanupiO); /* unfink any tmp files */ 
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Table1(conf| 

r do the alignment, return best score: main(| 

* dna: vahies in Pitch and Smith, PNAS, BO, 1382-1386, 1983 

* pro: PAM 250 vahies 

* When scores are equal, we prefer mismatches to any gap, prefer 

* a new gap to extending an ongoing gap, and prefer a gap in seqx 

* to a gap in seq y. 
•/ 

nwO 
{ 
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char 




/• seqs and ptrs */ 


int 


*ndely, 'd^; 


r iteep track of dely */ 


int 


ndebc, delx; 


/• keep track of delx •/ 


int 


•tmp; 


f* for swapping rowO, rowl *f 


int 


mis: 


/'score for each type */ 


int 


insO, ihsl; 


/* insertion penalties *f 


register 


id; 


/* diagonal index */ 


register 


v; 


/* imp index *i 


register 


•colO, •coll; 


/* score for curr, last row */ 


register 


M^yy; 


r index into seqs */ 



dx « (struct diag *)g_calloc("to get diags", lenO-»-len1 * 1. siieof (struct diag)); 
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ndely » (int *)g_cailoc("to get ndely". leril + 1, sizeof (int)); 
dely - (int *)g_calIocrto get dely", lenUI, sizsofQntH; 
colO - Gnt *)g_callocrto get colO', leni * 1, sizeoflint)); 
coll - (int *)g_calloc("to get coir, lenl +1, sizeoff(iDt)h 
tnsO-{dna)?DINSO:PiNSO; 
ins1 -(dna)7DINS1:PiNS1; 

smax - -10000; 
if(endgaps){ 

for (colOIO] - delylOJ - -insO, yy - 1; yy < - leni; yy + +) { 
coiOIyyl - delylyy] - coiOlyy-11 • insl; 
ndelylyyl - yy; 

} 

25 
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colOIOl - 0; /* Wateraian BuD Math Biol 84 *f 

} 

else 

for(yy- 1;yy <- lenl;yy++| 
5 delylyy] - hiwO; 

r fSl in match matrix 
•/ 

for (px - seqx[OL xx - 1; xx < - lenO; px+ +. »♦ +) { 
10 /* initialize first entry in col 

•/ 

iff (endgaps) { 

iffta--1| 

colllOl - delx - -(insO+insll; 

15 else 

coIlIO] - delx - colOlOMnsI; 
ndelx - xx; 

} 

els8{ 

20 colllO] - 0; 

deh - -insO; 
ndelx - 0; 

} 
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Table Kcoiitl 



forfpy-seqxIUyy- l;yy <- lBnl;pY++,yy++){ 
mis - colO[yy-ll; 
5 if(dna) 

mis + - {xbml*px.'Al&xbmCpy.'AT)? DMAT : DMIS; 

else 

mis+-_dayCpx-'ATI*py-'AT; 

10 r update penalty for del in x seq; 

* favor new de) over ongong del 

* ignore MAX6AP if weighting endgaps 
•/ 

if (endgaps 1 1 ndely[yyl < MAX6AP) { 
15 if (colOlyyl - InsO > - detytyyll { 

delylyyl - colOIyyl (insO+insl); 
ndelylyyl - 1; 

}e1se{ 

delylyyl -insl; 

20 ndelylyyl++; 

} 

}else{ 

if (colOIyy] * (insO-i-insll > - delylyyD { 
delylyyl - coIOfyyl - (insO+inslfc 
25 ndelylyyl -1; 

}else 

ndelyfyyK-i-; 

} 

30 r update penalty for del in y seq; 

' favor new del over ongong del 
•/ 

If (endgaps II ndelx < MAX6AP){ 

if(col1[yy-l].insO >-d8lx){ 
3 5 delx - col1|yy.11 • finsO+inslfc 

ndelx - 1; 

27 



PCT/USOO/12370 

}clse{ 

deh- insl; 
ndelX't'-f; 

} 

}«IS8{ 

H(col1(yy.1].(iiisO*Bn1) > - delx){ 
delx - cd1(yy-1]-(insO+ins1k 
ndsh - 1; 

}Bit8 

ndetx 

} 

/* pick the maximum score; we're favoring 
* mis over any del and delx over dely 
•/ 
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Table Kcont) 

— nw 

id-xx-yy + lenl-1; 
if (mis > - delx && mis > - dety(yyD 
5 colllyyl - mis; 

else if (delx >-dety[yy]){ 

colKyy] - cfelx; 

ij « dxridlJjmp; 

if{dxndl.jp.n[0]&&(!dna 1 1 (ndelx >- MAXJMP 
10 &8ixx > dx[id].jpj([iD->-MX) 1 1 mis > dxGdl^core+DINSO)) { 

dxnd].ijmp++; 
if(++q>. MAXJMP) { 
writefnnpsfid); 
ij - dxIidUimp - 0; 

15 dx[idJ.offset - offset; 

offset sizeof (struct imp) ^ sizeofioffset); 

} 

} 

dxrid].jp.n[ij] - ndelx; 
20 dxridl.ip.x(ij] - xx; 

dxGdlscore - delx; 

} 

else { 

colUyy] - delylyyl; 
25 fj - dx[id|.qmp; 

if (dxGd].]p.n[OI&&(!dna 1 1 (ndelylyy] > - MAXJMP 

&&n > dxOd].ipj[nD-(-MX) 1 1 mis > dxGd].score-i-DlNSG)){ 
dxnd].pp->"i>; 
if(++ij>- MAXJMP) { 
30 writejmpsGd); 

ij - dxOd].ilmp - 0; 
dxrid].affset » offset; 

offset sizeoflstnict imp) -i^ sizeof (offset); 

} 

35 } 

dxiid].jp4iD - -ndelylyyl' 
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iixOd].g)j[[i0 - xx; 
dxpAscore - detylyyt 

} 

if(xx--lenO&&yy < t6n1){ 
5 riastCQl 

•/ 

iff{endgaps) 

col1(yyl — insO+insrilenl-yy); 
If (colllyy] > smax){ 
10 smax - colltyyt 

dmax -* id; 

} 

} 

} 

15 if (endgaps && n < ienO) 

colllyy-1]— insO+insTdenO-xx); 
if (collfyy-l] > smax){ 

smax - col1(yy-1l' 
dmax - id; 

20 } 

tmp - colO; coiO - coll; coll • tmp; 

} 

(void)ffree((6har *)nddy); 
(void]free((Ghar*)dely); 
25 (vo!d)fre6((cbar*)colO); 

(void)fre8{(char*)col1); } 
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TaMeMcontl 

r 

* printO - only routine visible outside this module 
5 • 

* static 

* getmatO - trace back best path, count matches: printO 

* pr_align() ~ print alignment of described m array pD: printO 

* dumpblockO - dump a block of lines with numbers, stars: pr^alignO 
10 * numsO - put out a number line: dumpblockO 

* putlineO - put out a Pme (name, [numl seq, (numj): dumpblockO 

* starsO ' -put a line of stars: dumpblockO 

* stripnameO strip any path and pref n from a seqname 
*/ 

15 

^include "nw.h" 
MefineSPC 3 

#defineP_UNE 256 /* maximum output line */ 
2 0 #defiRe P_SPC 3 /* space between itsm or num and seq *| 

extern _day[Z6I26L* 

int oien; /* set output line length */ 



25 



FILE Mx; /* output file */ 



printO 
{ 



int lx,ly,firstgap,lastgap; /* overlap*/ 



30 if «fx - fopenfof He, "w")) - - 0) { 

f printf(stderr,"%s: can't write %s\n"t prog, ofile); 
cleanupd); 

} 

fprintflfx, " < first sequence: %s (length - %d)ln", namexIOL lenOI; 
3 5 fprintf(fx, " < second sequence: %s (length - %d)ln", namexlU lenlfc 

olen - 60; 

31 
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Ix - lenO; 
ly - leni; 

firstgap - lastgap - 0; 

if (dmax < lenl - 11 { /• leading gap in x */ 
5 PPlOJ-spc - firstgap - ieni - ibnax - 1; 

ly-ppI01.spc; 

} 

else If (dmax > lenl •!){/• leading gap in y */ 
pp[l].spc - firstgap - dmax • (lenl - 1); 
10 Ix-ppIlUpc; 
) 

If (dmaxO < lenO • 1) { /* trailing gap in x */ 
lastgap - Ien0*dmax0-1; 
Ix — lastgap; 

15 } 

else if (dtnaxO > lenO • 1 ) { |* trailing gap in y */ 
lastgap - dmaxO - (lenO • 1 ); 
ly— lastgap; 

} 

2 0 getmat(lx. ly, firstgap. lastgap); 

PLalignl); 



25 
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Table Utpiit) 

r 

* trace back the best path, count matches 
•/ 

5 static 

getmat{ix, ly, firstgap, iastgap) getmat 
int ly; /• "core" (minus endgaps) */ 

int firstgap, Iastgap; /* leading trailing overlap */ 

{ 

10 int nm, 10,11, si20.siz1; 

ehar outx(32]; 
dooble pet; 
register nO, o1; 

register char *pO, *p1; 

15 

f * get total matches, score 
•/ 

iO - i1 - sizb - sizi - 0; 
pO - seqx[0] + pplH-spc; 
20 pi - seqx[1] * ppIOlspc; 

nO - ppUbpc + 1; 
n1 - pptOLspc 4-1; 

nm - 0; 

25 while (*p0&8t*p1){ 

if(sizO){ 

pU+; 
n1 ++; 
sizO-; 

30 } 

elseif (siz1){ 
pO++; 
nO++; 
sill-; 

35 } 

else{ 
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H (xbnjl*pO-'Al&xbmI*pl-'AT) 

nm++; 
UlnO** --pp[0].xnOD 

SttO-ppIOLnliO^+l; 
if|nl + +--ppIl].xD11) 

sizl -ppHKnliU+t 

pO++; 
pl ++; 

} 

} 

/* pet homology: 

* if penalizing endgaps, base is the shorter seq 

* else, knock off overhangs and take shorter core 
•/ 

if (endgaps) 

Ix-(len0 < lenD? Ien0:len1; 

else 

li-(lx<fy)?h:ly; 
pet - 100.*|doable)nm/(doubte)b; 
fprintflfx. "In"); 

f printflfx, " < %d inatch%s in an overlap of %d: %.2f percent similarityln", 
nm,|mn-- D? : "esMx, pet); 
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TahlBlfepirtl 

fprintflfx, " < gaps in first sequence: %d", gapx); ^getmat 
iff<9apx){ 

5 (void) sprintftoiitx, ' (%d %s%sr, 

ngapx, (dna)? "base":"res!due". (ngapx - - 1)? "rs^b 
fprintf|fx/%s".outx); 

fpnntflfx, gaps in second sequence: %d", gapy); 
10 if (gapy) { 

(void) sprintfloutx, " (%d %s%s)". 

ngapy, (dna)? "base":"residue", (ngapy - - 1)? ••":V); 
fprintf(fx,"%s". outx); 

} 

15 if (dna) 

fprintfdx, 

"\n < score: %d (match - %d, mismatch - %d, gap penalty - %d + %d per basejln", 
smax, DMAT, DMIS. OINSO. DINS1); 

ebe 

20 fprintf(fx. 

In < score: %d (Dayhoff PAM 250 matrix, gap penalty - %d + %d per residue)ln". 
smax^PINS0,PlNS1); 
if (endgaps) 

fprintf(fx, 

25 " < endgaps penayzed. left endgap: %d %s%s, right endgap: %d %s%sln", 

firstgap, (dna)7 "base" : "residue", (firstgap - - 1)7 : V, 
iastgap, (dna)? "base" : "residue", (lastgap - - 1)? "" : "s"); 



30 } 



else 



fprintf(fx, "< endgaps not penalized^"); 



static nm; j* matches in core - for checking */ 

static Imax; /* lengths of stripped file names •/ 

static 0I2t /• jmp index for a path */ 

35 static ndill /* number at start of current fine */ 

static nilZL (* current elem number - for gapping */ 

35 
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static $iz(2]: 

static clar *pd21; r ptr to current element */ 

static char *po[2]; f* ptr to next output char slot */ 

static char outlZIIP^UNEt /• output line */ 

static char starfP^UNEl* T set by starsO */ 
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r 

* print alignment of described in struct path ppO 
•/ 

10 static 
pr_align() 
{ 

iBt nn; /* char count */ 

lot more; 
15 register i; 



pr^align 



20 



ford - 0.lmax-G;i< 2;i++){ 
nn - stripname|namex[i]); 
if (nn > Imax) 

Imax " nn; 



25 



nclij - 1; 
ni[il - 1; 
sizpl - ijil - 0; 
psIQ » seqxOl; 
poIO - outGL* 
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Table Mcont) 



10 



for (nn - nm - 0, more - 1; more; ) { 

for (i - more - 0; i < 2; t-t- -i-) { 

r 

* do we have more of this sequence? 

ifCrpslil) 

continue; 

more++; 



^.pr_aiign 



15 



20 



25 



if (pp[Q.spcl { /* leading space *| 
PPOl^c-; 

} 

elseif (sizftD{ Tin a gap *| 

•pora++-*'; 

snfO-; 

} 

else { /* we're putting a seq element 

•/ 

•pofO - •psOl; 
if (islower(*ps[iD) 

•pslO - toupperl'pslil); 

poDI++; 
psIO++; 



30 



35 



* are we at next gap for this seq? 
•/ 

if(naQ--pp(iljiDi[ill){ 
/• 

* we need to merge all gaps 

* at this location 
*/ 
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whil8(nin]-«pp[Qjt[pD 

$ttia+-ppaniiiia++k 

} 

5 n5a++; 

} 

} 

if 1+ +nn - - oien 1 1 !more && nn) { 
dumpbiockl); 

10 for(i-0;l< 2;i++) 

po{i1 - outlQ; 

nn - 0; 

} 



15 } 



r 

* dionp 8 block of lines, including monbers, stars pr_alignO 
•/ 

20 Static 

dumpWockO dumpblock 
{ 

register i; 



25 for(i-0;i < 2;i++) 
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Table Kcont) 



(vojd)pirtc(V,fx); 
5 for{i-0;i<2;i++){ 

If Coutni && Coutli] !- ' • 1 1 •IpoOI) !- ' I) { 

nums(i); 
If0--0&& •outlU) 
10 starsO; 

putfine(i); 

ifO--0&&*outf1I) 

f printf (f X, star); 
if(i--l) 

15 numsli}; 
} 

) 



20 r 

* put out a number Gne: dumpblocM) 
V 

static 

numsiix) 

25 Int tx; /* index in outD holding seq fine */ 



{ 



30 



char nGnelPJINE]; 
register 

register char 'pa 'px, 'py; 

for (pn - nline, i - 0; i < lmax+P_^SPC; i+ +. pn-i- +) 
•pn - ' 

for fi - ntfixL py - outfix); 'py; py+ +. pn+ +) { 

8frpy"''irpy"'-i 



35 



•mm _ • *. 



e)se{ 

39 



.Jmnpbiock 



wo 00/68376 PCTAJSOO/12370 

ifOKIO — 0||(i..1&&nc(ixl!-1»{ 
j-ri<0)?-i:i; 
for(|n-pn;j;il-10.|n-) 
•px - j%10 ♦ 'O*; 

HG<0) 

•px-"; 

} 

else 



•pn-"; 



10 

} 

} 

•pn - ^0*; 
ncfixj - i; 

15 for (pn - nline; *pn; pn-*- -i-) 

(void) putc(*pn, fx); 
(void)putc(1n',fx); 



20 r 

* put out a line (name, [num], seq, [num]): dumpbiocIcQ 
•/ 

static 

putline(ix) putiine 
25 int ix; { 
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^putline 

int 1; 
register char *px; 

for (px - namexTwl, i - 0; 'pi && 'px I- px+ +, i+ +) 

(void) putcCpx, fx}; 
forti < lmax+P_SPC;i++) 

(void) putcC fx); 

r these count from 1: 

* niD is current element (from 1} 

* ncD is number at start of current Gne 
•/ 

for (px - outTix]; *px; px+ +) 

(void)putc(*px&0x7F, fx); 
(vold)putc(Kfx); 

} 



* put a line off stars (seqs always in outlOl outll]): dumpUockO 
•/ 

static 

starsO stars 
{ 

int i; 

register char *p0, *p1, cx, *px; 

if (l*outI01 1 1 CoutlOl - - " && •(poIOl) --'HI 
routl11||(^out(l)--"'&&*(pollD--*')) 
retnm; 
px - Stan 

forfi- lmax+P_SPC;i;i-) 
•px++ - 
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for (pO - QutlOl pi - oiitlH •pO && 'pi; pO+ +, pi + +) { 
if risalpha(*pO) && isaipha{*pin { 

if{xbinI*pO.'A'l&xbmCp1.TD{ 
cx - 
nm+-i-; 

} 

eUeif lldnaa&Jayl'pO-'AH'pl-'A'l > 0) 
cx - V; 

eke 

a-"; 

} 

else 

cx-'*; 
•pi++ - cx; 

} 

•px++ - W; 
•px-TO'; 
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Table Itettiit) 

t* 
I 

* strip path or prefix from pa return ten: pr_alignO 
5 static 

stripname(pn) stripname 
char *pn; /* fde name (may be path) */ 



{ 



10 



25 



30 



register char *px, *py; 



py-0; 

forlpx - pn; 'px; px+ +) 
Hrpx-^T) 

py - px + 1; 

15 if(py) 

(void) strcpY(pn, py); 
retitm(strlen(pn)); 

} 

20 



35 
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TaMeKcDBtt 

/' 

' cleanupO - cleanup any tmp file 

* getsoiO - read in seq, set dna, len, maxlen 
5 •g^callocO-callbcO with error checWn 

* readjmpsO - get the good jmps, from tmp file if necessary 

* writeppsO - write a fiDed array of jmps to a tmp file: nwO 
•/ 

^include "nw.h" 
10 iS^nclude <sys/file.h> 

char •jname - "/tmp/homgXXXXXX"; /• tmp file for jmps */ 

FILE -fj; 

15 Int CleanupO; /* cleanup tmp file */ 

long IseekO; 

r 

* remove any tmp file if we blow 
20 •/ 

cleanup 



Int i; 

{ 

if(fi) 

25 (void)unEnic(jname); 
exitO); 

} 

r 

3 0 • read, return ptr to seq, set dna, len, maxlen 

• slop Ones starting with V, ' < or ' > * 

* seq in upper or lower case 

char • 

35 getseq(fOeJen) 



getseq 

char 'file; /• file name*/ 
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int *len; /* seq ten *f 



{ 



char fined 024L*pseq; 

register char *pxr*py; 

int natgc tien; 

FIIE Mp; 



if«fp-fopen(filB,V))--0){ 

fprintf(stderr,"%s: can't read %sln", prog, file); 
exitd); 

} 

tiM - natgc - 0; 
whne(f9etsWneJ024,fp»{ 

ifrBne--V II Tme --•<•! I Tme --•>•» 

continue; 
for (px - line; *px !- V; px+ +) 

if risupper(*px| 1 1 islower(*px)) 
tlBn++; 

} 

if Hpseq « mailoctfunslgnedNtien-i-G))) - «> 0) { 

fprintf(std8rr»''%s: mallocO failed to get %d bytes for %s\n", prog, tlen-i-6, fidY, 
exitd); 

} 

pscqffll - pseqil] - pseqlZl - pseql31 - '10*; 
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Table Hennt) 



py - pseq * 4: 
•len - tloi; 
5 rewind(fp|; 

while (fget$(lineJ024,fp)){ 

If riine — V 1 1 *nnB 1 1 -fine '>') 
continue; 

10 for (px - line; •px ! - V; px+ +) { 

Hfoupperl^px)) 

•py++ . -px; 
elself fislowerC'px)) 

•pY++ - toupper(*px); 
15 iffmdex("ATGCU"/(py.1})) 

natgc++; 

} 

} 

•py+*-*\0'; 
20 -py - W; 

(vold)fclo5e(fp); 

dna - natgc > (tlen/3); 

retum(pseq-*'4); 



25 



30 { 



char 'px. •callocO; 



^getseq 



} 



dnr * 

g_.calloc|m$o.nx,$2j ^^^311^^ 
char *msg; /* program, calling routine */ 

int nx.sz; /* number and size of elements */ 



if ((px - caIIoc({unsignad)nx/(unsiened)S2)) -- 0){ 
ifCm$g){ 

^ 5 fpnntf(stderr, -%s: g^caOocO failed %s (n- %d, S2- %d)ln", prog, m$g, nx, sz); 

exjtdl; 
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} 

} 

retoriilpx); 

} 

5 

/' 

* get final jmps from dxQ or tmp file, set ppd reset dmax: mainO 
•/ 

readjmpsO readimps 
10 { 

int fd - -1; 

int sizJOJI; 
register i, j, xx; 

15 if(fi){ 

|void)fciose(fj); 

if Hf d - openQname, 0_RDONLY. 0)) < 0) { 

fprintf(stderr, "%s: can't openO %s\n", prog, jname); 
deanupd); 

20 } 
} 

for 0 - iO • i1 - 0. dmaxO - dmax, xx - lenO; ; i+ +) { 
while (]){ 

for (j - dx[dmax].r]mp; j > - 0 && dx|dmaxl.ip.x[jl > - xx; j-) 

25 ; 
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Table Kean^) 

-jearijmps 

if (j < 0 && cix(dmax].off set && f j) { 

{void) IseeMf d, dx[dmaxLoffsel 0); 
^ (veld) readlf d, (char *)&dx[dinax].jp. sizeoKstruct jmp)); 

(void) rsadifd, (diar *)&dx|dmax].offset sizeof(dxfdmax|.off set}|; 
dx[dniaxl.pip - MAXJMM; 

} 

else 

10 break; 
} 

if(i>-JMPS){ 

f printf(stderr, "%s: too many gaps in alignmentta", prog); 
cleanupd); 

15 } 

if(i>-0){ 

siz - dxIcbnaxljpjiOt 
XX - dxidmaxLipjiOt 
dmax •«•- siz; 

20 iftsiz<0){ r gap in second seq*; 

PPllJ.*!) - -siz; 
X35+-siz; 

rid-xx-yy + l8nl-1 
•/ 

25 PPlUxOn-xxdmax + lenM; 

gapy++; 
ngapy - siz; 
/* ignore MAX6AP when doing endgaps */ 

siz - ( siz < MAXGAP 1 1 endgaps)? -siz : MAXGAP; 
30 iU+; 

} 

else if (siz > 0) { /* gap in first seq •/ 
PPlOlnliOJ - siz; 
pp[0lx(i0] - xx; 
35 gapx++; 

ngapx - siz; 
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r ignore MAXGAP whai doing eni^aps */ 

siz - (si2 < MAXGAP 1 1 endgaps)? siz : MAX6AP; 
iO++; 

} 

) 

else 

break; 

} 



/* reverse the order of jmps 

*; 

for (j - 0, iO-; j < iO; j+ +, iO-) { 

i - PPlOLnQl: ppIOlnQ] - pp{0].nGOL- pp[01.n[iO] - i; 
i - PPlOlxID; ppIOUID - ppIOlxpOL- ppMiO] - i; 

} 

forO-0.i1~;j<i1;j++.iH{ 

i - PPl1].nGk priUnlQ - ppHLrfilt ppflLnlill - 1* 

i ^ ppiiLxia- ppii].xio - fm.mi ppinxnii - i; 

} 

if(fd>-0) 

IvoiiQcloselfiQ; 

(voiii)unfink(jnanie); 

fj-O; 

offset <• 0; 

} > 
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Table Kcont) 

/* 

* write a filled jmp struct offset of the prev one (if any): nwO 
5 •/ 

writ^pslix) writejmps 
int ix; 

{ 

ebar ^mktempQ; 

10 

if(!fD{ 

if(mktemp(jnaine) < 0){ 

fprintflstderr, "%s: can't mktempO %sln", prog,iname); 
cleanup! 1); 

15 } 

if |(f j - f openljname, "w")) - - 0) { 

fprintflstderr, "%s: can't write %sln". prog, jname); 
exWD; 

} 

20 } 

(void) fwriteiicbar *)&dxDx].ip, sizeoKstruet jmp), 1, fj); 
(voiii) fwriteUchar *)&dxrix].offset sizeofldxrixLoffset). 1, fj); 

} 

25 



30 



35 
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Table 2 

PRO XXXXXXXXXXXXXXX (Length - 15 amino adds) 

Comparison Protein XXXXXYYYYYYY (Length - 12 amino adds) 

5 

% amino add sequence identity - 

(the number of identicalfy matdiing amino acid residues between the two polypeptide sequences as determmed by AII6N-2) 
dwided by (the total number of ammo acid residues of the PRO polypeptide) - 

10 

5dividedby15-33.3% 
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Table 3 



PRO 



xxxxxxxxxx 



(Length - 10 amino adds) 
(Length - 15 amino adds) 



Comparison Protein 



XXXXXYYYYYYZZYZ 



5 

% amino add sequence idoitity - 

(the niBnber of identicaOy matdiing amino acid residues between the two polypeptide sequences as det^med by ALiGN-2) 
dhrided by (the total number of amino add residues of the PRO polypeptide) - 

10 

5dividedby10-50% 
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Table 4 



PRO-DNA 



NNNNNNNNNNNNNN 



(Length - 14 nucieotides) 
(Length - 16 nucleotides) 



CDmparison ONA 



NNNNNNLLLLLLLUl 



5 

% nucleic acid sequence identity - 

(the number of IdenticaDy matching nucleotides between the two nucleic add sequences as detennined by ALIGN-2) dhrided 
by (the total number of nucleotides of the PRO-DMA nucleic acid sequence) « 

10 

6 dhrided by 14-42.9% 
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Tables 

PRO DNA NNNNNNNNNNNN (Length - 12 nucleotides} 

Comparison DNA NNNNLLLW (Length - 9 nucleotides) 

5 

% nudeic acid sequence identity - 

(the number of Identically matching nucleotides between the two nucleic acid snjuences as detennined by ALIGN-2) divided 
by (the total number of nucleotides of the PRO-DNA nucleic acid sequence) - 

10 

4dhridedby12-33.3% 
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IL Compositions and Methods of the tnveirtiiin 

A. Fun-lennthCHEPDPohmentide 

The present invention provides newly idratified and isolated nucleotide sequences encoding polypeptides referred 
to in the present appfication as CHEPO. In particular, ONA encoding a CHEPO polyp^tide has been identified and isolated, 
5 as disclosed in further detail in the Examples below. 

B. CHEPO Variants 

In addition to the full-length nathre sequence CHEPO polypeptides described herein, it is contemplated that 
CHEPO variants can be prepared. CHEPO variants can be prepared by introducing appropriate nucleotide changes into the 

10 CHEPO DNA, and/or by synthesis of the desired CHEPO polypeptide. Those skilled in the art will appreciate that amino 
acid changes may alter post-transiational processes of the CHEPO, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring characteristics. 

Variations in the native full-length sequence CHEPO or in various domains of the CHEPO described here'm, can 
be made, for example, using any of the techniques and guidelines for conservathre and non-conservative mutations set 

15 forth, for instance, in U.S. Patent No. 5,364,934. Variations may be a substitution, deletion or insertion of one or more 
codons encoding the CHEPO that residts in a change m the amino acid sequence of the CHEPO as compared with the native 
sequence CHEPO. Optionally the variation is by substitution of at least one amino acid with any other anuno acid in one 
or more of the domans of the CHEPO. Guidance in determining which amino acid residue may be inserted, substituted or 
deleted without adversely affecting the desired acthrity may be found by comparing the soiuence of the CHEPO with that 

20 of homologous known protein molecules and minnnizing the number of amino acid sequence changes made in regions of 
high homology. Amino acid substitutions can be the result of replacing one amino acui with anotha* amino add having 
similar structural and/or chemical prop^ties, such as the replacement of a leucine with a serine, i.e., conservative amino 
add replacements. Insertions or deletions may optionally be in the range of about 1 to 5 ammo adds. The variation 
allowed may be determined by systematically makmg insertions, deletions or substitutions of amino acids in the sequence 

2 5 and testing tiie resulting variants for activity exMbited by the full-length or mature native sequence. 

CHEPO polypeptide fragments are provided herein. Such fragments may be truncated at the N-tennnius or C- 
terminus, or may lack internal residues, for example, when compared witii a full length native protein. Certam fragments 
lack amino acid residues that are not essential for a desired biological activity of the CHEPO polypeptide. 

CHEPO fragments may be prepared by any of a number of conventional techniques. Desired peptide fragments 

30 may be chemically synthesized. An altemathre approach involves generating CHEPO fragments by enzymatic digestion, 
e.g., by treating the protein with an enzyme known to cleave proteins at sites defined by particular amino add residues, 
or by digesting the DNA with suitable restriction enzymes and isolating the desired fragment. Yet another suitable 
technique invohres isolating and aropfifying a DNA fragment encoding a desired polypeptide fragment by polymerase diain 
reaction (PCR). OEgonudeotides that define tiie desired termini of tfie DNA fragment are employed at tiie 5' and 3' primers 

35 in the PCR. Preferably, CHEPO polypeptide fragments share at least one biological and/or immunological activity with the 
native CHEPO polypeptides shown in Figure 3 (SEQ ID N0S:2 and 5). 
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In particular onbodiments. consanratrve substitutions of interest are shown in Table 6 under the heading of 
preferred substitutions. If such substitutions result in a change in biological activity, then more substantial changes, 
denominated exemplary substitutions in Table 6, or as further described below in reference to amino acid classes, are 
introduced and the products screened. 



Tables 



10 



Originai 

Residue 

Ala (A) 

Arg(R) 

Asn(N) 

Asp(D) 

Cys(C) 

Gln(O) 

GlulEI 

6ly(6) 

His (HI 



20 Uu(U 



15 



25 



30 



Ly$(K) 

Met(M) 

Phe(F) 

Pro(P) 

Ser(S) 

ThrlT) 

TrpWl 

Tyr(Y) 

Val(V| 



Exemplary 

Substitutions 

val; teu; ile 

tys; gin; asn 
gin; his; lys; arg 
glu 

ser 
asn 
asp 

pro; ala 

asn; gin; lys; arg 
leu; val; met; ala;phe; 



norleucine; lie; val; 

met;ala;phe 

arg; gin; asn 
leu; phe; ile 

leu;va|;ile;aia; tyr 

ala 

thr 

ser 

tyr; phe 

trp; phe; thr; ser 
ile; leu; met; phe; 
ala; norleucine 



Preferred 



gin 



arg 



leu 



tyr 



Substitutiona 

val 

lys 



ser 
asn 
asp 
ala 

leu 

Re 
arg 

ala 
thr 
ser 

phe 



Substantial modifications in function or immunologicaJ identity of the CHEPO polypeptide are accompfished by 
selecting substitutions tiiat differ significantly in their effect on maintaining (a) the structure of the polypeptide backbone 
in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobidty of tiie 
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molecule at the target site, or (c) the bdk of the side chain. Naturally occurring residues ere divided into groups besed on 
common side-cham properties: 
(1 1 hydrophobic: norieudne, met ale, val leu, ile; 
(2) neutral hydrophific: cys, ser, thr; 
5 (3) adific: asp, glu; 

(4) basic: asn, gin, his, iys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic trp, tyr, phe. 

1 0 Non-conservathfB substitutions wID entaO exchanging a member of one of these dasses for another dass. Such 

substituted residues also may be introduced into the conservative substitution sites or, more preferably, into the ronainmg 
(non-conserved) sites. 

The variations can be mede using methods known in the art such as oligonucleotide-mediated (site-directed) 
mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed mutagenesis [Carter et al., Nud. Adds Res.. 13:4331 

15 (1986); Zoller et al., Nud. Acids Res.. 10:6487 (1987)1 cassette mutagenesis [Wells et al., Gene, 34:315 (1985)L 
restriction selection mutagenesis (WeOs et al., Philos. Trans. R. Soc. London SerA. 317:415 (1986)1 or other knom 
techruques can be performed on the cloned ONA to produce the CHEPO variant DNA. 

Scanning amino acid analysis can also be employed to identify one or more amino adds along a contiguous 
sequence. Among the preferred scanning amino adds are relatively small, neutral amino adds. Such amino acids include 

2 0 alanine, glycine, serine, and cysteine. Alanine is typically a preferred scanning amino acid among this group because it 
efiminates the side-chain beyond tte beta-carbon and is less likdy to alter tite main^hain conformation of the variant 
[Cunningham and Wells, Science. 244: 108M085 (1989)]. Alanine is also typically preferred because it is the most 
common amino add. Further, it is frequently found in botii buried and exposed positions [Creighton, The Proteins. (W.H. 
Freeman & Co., N.Y.); Chothia, J. MoLBioL 150:1 (1976)]. if alanine substitution does not yield adequate amounts of 

2 5 variant, an isotoic amino acid can be used. 

C. Modifications of CHEPO 
Covalent modifications of CHEPO are inchided within tiie scope of this invention. One type of covalent 
modiftcation inchides reacting targeted amino acid residues of a CHEPO polypq)tide witii an organic d^atizmg agent tiiat 
30 is capable of reacting with selected side chains or the N- or C- termnial residues of the CHEPO. Derivatizetion witii 
bifonctional agents is useful, for instance, for crossBnking CHEPO to a water-insoluble support matrix or surface for use 
*m tiie method for purifymg anti-CHEPO antibodies, and vice-versa. Commonly used aosslinking agents indude, e,g,, 1,1- 
bis(diazoacetyl)-2*phenyIethanB, glutaraidehyde, N4iydroxysucdnimide esters, for example, esters with 4-a2idosalicyBc acid, 
homobifunctional imidoesters, inchjding (fisucdnimidyl esters such as 3,3'-dithiobis(succinimidylpropionate), bifunctional 

3 5 maleimides such as bis-N maieimido-1,8-cctane and agents such as methyl-34(p-a2idophenyDditiMo]propiobnidate. 
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Other modiTications include deanddation of ghitaminyl and asparaginyt residues to the correspondmg glutamyl 
and aspartyl residues, respecthrely. hydroxyiation of i^oline and lysine, phosphoryiatiDn of hydroxyl groups of seryl or 
threonyt residues, methylation of the -andno groups of lysine, arginine, and histidine side chains {T.L Creighton, Protems: 
Structure and Melecidar ProDarties. W.H. Freeman & Co^ San Francisco, pp. 79-86 (1983)1 acetybtion of the N-terminal 
5 amine, and amidation of any C-termlnal carboxyl group. 

Another type of covatent modification of the CHEPO polypeptide inchHied within the scope of this invention 
comprises altering the native glycosylation pattern of the polypeptide. "Altering the native glycosylation pattern* is 
intended for purposes herein to mean deleting one or more carbohydrate moieties found in native sequence CHEPO (other 
by removing the underlying glycosylation site or by deleting tiie glycosylation by chemical and/or enzymatic means), and/or 
1 0 adding one or more glycosylation sites tiiat are not present in tiie native sequence CHEPO. In addition, tiie phrase includes 
quafitativB changes in tiie glycosylation of the native proteins, invohring a change in the nature and proportions of the 
various carbohydrate moieties present. 

Addition of glycosylation sites to tiie CHEPO polypeptide may be accomplished by altering tiie amino acid 
sequence. The alteration may be made, for example, by the addition of, or substitution by, one or more serine or threonine 
15 residues to tiie native sequence CHEPO (for 0-ltnked glycosylation sites). The CHEPO amino acid sequence may optionally 
be altered through changes at tiie DNA level, particularly by mutating the DNA encoding the CHEPO polypeptide at 
preselected bases such tiiat codons are generated that wffi translate into the desired amino acids. 

Anotiier means of increasing the number of carbohydrate moieties on the CHEPO polypeptide is by chemical or 
enzymatic coupfing of glycosides to tiie polypeptide. Such metiiods are described in tiie art, e.g., in WO 87/05330 
20 pubBshed 1 1 September 1987, and in Aplin ami Wriston, CRC Crit. Rev. Biochem.. pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the CHEPO polypeptide may be accomplished chemicany or 
enzymatically or by mutational substitution of codons encoding for amino acid residues that serve as targets for 
glycosylation. Chemical deglycosylation technhfues are known in the art and described, for instance, by Hakimuddin, et 
al., Arch.piochem.Biophy^., ffi9:52 (1987) and by Edge et aL Anal Biochan.. 118:131 (1981). Enzymatic cleavage of 
25 carbohydrate moieties on |»lypeptides can be achieved by the use of a variety of endo- and exo^lycosidases as descried 
by Thotakura et a)., Meth. EnzvmoL 138:350 (19B7). 

Anotiier type of covalent modification of CHEPO comprises linking tiie CHEPO polypeptide to one of a variety 
of nonproteinaceous polymers, e.g., polyethylene glycol (PEG), polypropylene glycol, or polyoxyalkylenes, in tiie manner 
set forth In U.S. Patent Nos. 4,640,835; 4.496,689; 4,301,144; 4,670,41 7; 4,791,192 or 4,179.337. 
30 The CHEPO of the present invention may also be modified in a way to form a chimeric molecule comprising 

CHEPO fused to another, heterologous polypeptide or amino acid sequence. 

In one embodiment, such a chimeric molecule comprises a fusion of the CHEPO with a tag polypeptide which 
provides an epitope to which an anti-tag antibody can selectwely bmd. The epitope tag is generally placed at the amino- 
or carboxyl- terminus of the CHEPO. The presence of such epitope-tagged forms of tfie CHEPO can be detected using an 
3 5 amarady against tiie tag polypeptide. Also, provision of tfa ^ope tag enables tiie CHEPO to be readily purified by affinity 
purification using an antkag antibody or another type of affinity matrix that binds to tiie epitope tag. Various tag 
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polypeptides and their respective antibodies are ienown in the art Eiamptes inchide poly-tdstidme (poiy-Ms) or poly- 
histidine^iycine (poly-his-gly) tags; the flu HA tag polypeptide and its antibody 12CAS [Field et aL, MoL CdLBioL 8:2159* 
2165 (198B)L- the c-myc tag and the 8F9, 3C7. 6E10, 64, B7 and 9E10 antibodies thereto [Evan et al.. Molecular and 
Cellular Bioteov. 5:3610-3618 (1985)1; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody (Paborsky 
5 et aU Protein Enpineerino. 3{8):547-553 (1990)]. Other tag polypeptides inchide the Rag-peptide [Hopp et aU 
BioTechnDioflY> 6:1204-1210 (1988)1* the KT3 epitope peptide [Martin et aL, Science. 255:192-194 |1992)L* an -tubuGn 
epitope peptide [Skinner et aL, J. Biol. Chem.. 266:15163-15186 (1991)]; and the T7 gene 10 protem peptide tag [Luti. 
Freyermifth et al., Proc> NatL Acad. Scl USA. 87:6393-6397 (1990)). 

In an alternative embodimBnt, the chimeric molecule may comprise a fuaon of the CHEPO with an immunogtobuGn . 

10 or a particular region of an immunoglobulin. For a bivalent form of the chimeric molecule (also referred to as an 
immunoadhesin ), such a fusion could be to the Fc region of an IgG molecule. The Ig fusions preferably include the 
. substitution of a soluble (transmembrane domain deleted or inactivated) form of a CHEPO polypeptide in place of at least 
one variable region within an Ig molecule. In a particularly preferred embodiment, the immunoglobulin fusion indudK the 
hinge, CH2 and CH3, or the hinge, CHI. CH2 and CH3 regions of an IgGI molecule. For the production of immunoglobulin 

1 5 fusions see also US Patent No. 5,428 J 30 issued June 27, 1 995. 

D. Preparation of CHEPO 

The description below relates primarily to production of CHEPO by cufturii^ cells transformed or transfected with 
a vector containing CHEPO nucleic acii It is, of course, contemplated that altemathre methods, which are weB known 

20 in the art, may be employed to prepare CHEPO. For instance, the CHEPO sequence, or portions thereof, may be produced 
by direct peptide synthesis using sofid-phase techniques [see, e.g., Stewart et al., Sond-Phase Pentide Svntheys. W.H. 
Freanan Co., San Francisco, CA (1969); Merrifield, X Am. Chan. Snc. 8&2149-2154 (1 963)1 In vitro protein synthesis 
may be performed usmg manual techniques or by automation. Automated synthesis may be accomplished, for instance, 
using an Appfied Biosystems Peptide Synthe«zer (Foster City, CA) using manufacturer's instructions. Various portions of 

2 5 the CHEPO may be chemically synthesized separately and combined using chemical or enzymatic methods to produce the 
full4ength CHEPO. 



1. Isolation of DMA Encodinn CHEPO 
DNA encoding CHEPO may be obtained from a cDNA library prepared from tissue belffiv^ to possess the CHEPO 
3 0 mRNA and to express it at a detectable level. Accordingly, human CHEPO DNA can be conveniently obtained from a cDNA 
library prepared from human tissue, such as described in the Examples. The CHEPO encoifing gene may also be obtabied 
from a genomic library or by known synthetic procedures (e.g., automated nucleic acid synthesis). 

Ubraries can be screened with probes (such as antibodies to tiie CHEPO or oligonucleotides of at least about 20- 
80 bases) designed to identify the gene of interest or the protein encoded by it Screening tiie cONA or genomic library 
3 5 with the selected probe may be conducted usmg standard procedures, such as described in Sambrook et al.. Molecular 
Clopinq: A laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989). An alternative means to isolate 
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the gene enccifing CHEPO is to use PCR methodotogy [SambroQk et at, sug^ Dieffenbach et aL, PCRPrimei^iH ahnTatntY 
Manual (Cold Spring Harbor laboratory Press, 1995)]. 

The Examples below deswlbe techniques for screening a cDNA Bbrary. The oligonucleotide sequences setected 
as probes should be of sufficient length and sufficiently unambiguous that false positwes are minimized. The 
5 oligonucleotide is preferably labeled such that it can be detected upon hybridization to DNA in the Birary being screened. 
Methods of labefing are weO known in the art, and include the use of radiolabels like '^P-labeled ATP, biotinylation or 
enzyme labeling. Hybridization conditions, inchnfing moderate stringency and high stringency, are provided in Sambrook 
et aL, supra. 

Sequences identified in such fibrary screening methods can be compared and aligned to other known sequences 
10 deposited and available in public databases such as GenBank or other prhrate sequence databases. Sequence identity (at 
either the amino add or nucleotide level) within defined regions of the molecule or across the f uIHength sequence can be 
determined using methods known in the art and as described herein. 

Nucleic acM having protein coding seqi»nce may be obtained by screening selected cDNA or genomic libraries 
using the deduced amino acid sequence disclosed herein for the first time, and, if necessary, using conventional primer 
15 extension procedures as described in Sambrook et al., suBra, to detect precursors and processing intermediates of mRNA . 
that may not have been reverse-transcribed into cONA. 



2- Selection and Transformation of Host Cells 
Host ceQs are transfected or transformed with expression or cloning vectors described hereni for CHEPO 

20 production and ctdtured in conventional nutrient media modified as appropriate for inducing promoters, selecting 
transfomtants, or amplifying the genes encoding the desired sequences. The culture conditions, such as media, 
temperature, pH and the like, can be selected by the skilled artisan witfiout undue experrnientation. In general principles, 
protocols, and practical techraques for maximizing tiie productivity of cell cultures can be found in Mammalian CeH 
Biotechnoloov: a Practical Approach. M. Butler, ed. (IRL Press, 1991) and Sambrook et al., supra , 

25 Methods of eukaryotic cell transfection and prokaryotic cell transformation are known to the ordinarily skilled 

artisan, for eiample, CaClj, CaPO<, liposome-mediated and electroporation. Depending on tiie host cell used, 
transf onnation is performed using standard techniques appropriate to such cells. The calcium treatment employing calcium 
chloride, as described in Sambrook et al., sugra, or electroporation is generally used for prokaryotes. bifection witii 
Agnbacterium tumefaciens is used for transformation of certain plant cells, as described by Shaw et aL, Gene, 23:315 

3 0 (1 983) and WG 89/05859 pubfished 29 June 1 989. For mammalian cells without such cell walls, the calcium phosphate 
precipitation method of Graham and van der Eb, ViroloQY. 52:456457 (1978) can be employed. General aspects of 
mammafian cefl host system transf ections have been described in U.S. Patent No. 4,399,21 6. Transformations into yeast 
are typically carried out accordmg to tiie method of Van Solingen et al., J. Bact.. 130:946 (1 9771 and Hsiao et aL, Proc 
Watl Acad. ScL (USA), 76:3829 (1979). However, otiier methods for introducmg DNA into cells, such as by nuclear 

3 5 miaoiniection, etectroporation, bact^al protoplast fusion witii intact cells, or polycations, e.g„ polybrene, polyomithine. 
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may also be used For various techniques for transforming manunafian cells, see Keown et aL, Methods m ErgymplDov, 
185:527-537 (1990) and Mansour et aL Nature. 336:348-352 (1988). 

Suitable host cefls for cioning or express'mg the UHA in the vectors herein include prokaryote, yeast or higher 
eukaryote cells. Suitable prokaryotes incbde but are not Omited to eubacteria, such as Gram-negathre or Gram-positive 
5 organisms, for example, Enterobacteriaceae such as £. coS. Various £ coll strains are publicly available, such as £ coli 
K12 strain MM294(ATCC 31,446);£ «a5^X1776 (ATCC 31,537); £ Mstrain W3n0 (ATCC 27,325) and K5 772 (ATCC 
53,635). Other suitable prokaryotic host cells inchide Enterobacteriaceae such as £«^a7iA»,ft^.,£cfly?,^/£w^ 
£nmia» KlebsieSd, Proteus, Salmonella, e,g., Salmon^a typMmunum, Senatia, e.g., Serratia marcescans, and Shig^a, 
as wen as BadBvsx^ as B, subtiBs and A Sch&iifonm {e.g., B. licbemfoms 41 P (fisclosed in DO 266,71 0 published 1 2 

1 0 AprB 1989), Psemfomonas such as P. aengmosa, and Su^tomyces, These examples are iflustrative rather than Smiting. 
Strain W31 10 is one particulariy preferred host or parent host because it is a common host strain for recombinant DNA 
product fermentations. Preferably, tiie host eel) secretes mmimal amounts of proteolytic enzymes. For example, strain 
W31 10 may be modified to effect a genetic mutation in tiie gms oicodmg proteins endogenmis to tiie host, with examples 
of such hosts induding £ c(rfrW31 10 strain 1A2, which has the complete genotype Am4 ; £ ai«?W31 10 strein 9E4, which 

15 has tiie complete genotype tonA ptr3; £ eoSmi 10 strain 27C7 (ATCC 55,244), which has tiie complete genotype tonA 
ptr3fihaAff5 {argP-MfSB degP ifflvrto/; £caj?W31 10 strain 37DB, which has tfie complete 
lOuiA EJ5 fargf4acltB9 degP ompT rii$7Mkaif\ £ caff W3110 strain 40B4, which Is sUain 37D8 witii a non- 
kanamycin resistant degP deletion mutation; and an £ riHf strain having mutant periplasmic protease disclosed in U.S. 
Patent No. 4,946,783 issued 7 August 1 990. Alternatively, in vitro metiiods of cloning, a^g., PCR or otiier nucleic acid 

20 polymerase reactions, are suitable. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning or 
expression hosts for CHEPO-encoding vectors. Sacdiaromycas caremaa is a commonly used lower eukaryotic host 
microorganism. Others include Sciuzosacciiaromyces pomba (Beach and Nurse, Nature. 290: 140 [1981]; EP 139,383 
published 2 May 1 985); Kluymvmyces hosts (U.S. Patent No. 4,943,529; Fleer efa/., BiofTechnotony. 9: 968-975 (1991)) 

2 5 such as, e,g„ K. lactis (MW98-8C, CBS683, CBS4574; Louvencourt et ai., J. Bacteriol. 737 (1983D, K. fragm (ATCC 

12,4241 K. bulgarim (ATCC 16,045), K. ml(eramii(klZZ 24,178), K. waltSiK^ZZ 56,5001A: ibosophffarum (ATCC 
36,906; Van (ten Berg e/d/., BiofTechnoloov. 8: 135 II 990)), AT. thermtolerans, and K, mandanu5;yafwwia (EP 402,226); 
Picbiapastons (EP 183,070; Sreekrishna etal., J. Basic Microbiol.. 28: 265-278 (19881); CaniSda; Trwbodannar^[& 
244,234); Neurospora crassa (Case et al., Proc. Natl. Acad. Sci. USA. 76: 5259-5263 [1 9791); Scbwanmmyces such as 

3 0 Scbwanniomycas ocddantaSs (EP 394,538 pubDshed 31 October 1990); and filamentous hingi such as, e^^ Neurospora, 

PeiMSum, ToATKwfeflto (WO 91/00357 published 10 Jaraiary 1991), and >fi^»5ato hosts such as A /wfefeffj(BaB^^^ 
Biochem. BioDhv s. Res. Commun.. 112: 284-289 [19831 Tilbum et at.. Gene, 26: 205-221 (19831; Yelton et aJ,, 
Proc. Natl. Acad. Sci. USA, 81: 1470-1474 [19841) and A niger (Kelly and Hynes, EMBO J.. 4: 475479 (1985D. 
Metfiylotropic yeasts are suitable hmn and imMe, but are not Gmited to, yeast capable of growtii on methanol selected 
35 fnmitiB genera consistmg of «afflsaM*,fi^ Ttmdopsk^iRhodotonda, AOst 
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of specific species that are exemplary of this class of yeasts may be found in C. Anthony, The Biochamstrv nf 
Methvlotrophs. 269(19821 

Suitable host ceDs for the expression of giycosylated CHEPO are derived from multiceauiar organisms. Examples 
of invertebrate cells include insect ceOs such as Drosophfla S2 and Spodoptera Sf9, as well as plant cells. Examples of 
5 useful mammafian host cell lines include Chinese hamster ovary (CHO) and COS cells. More specific examples include 
monkey kidney CVl line transformed by SV40 (COS-?. ATCC CRL 1651); human embryonic kidney fine (293 or 293 ceils 
subcloned for grovrth in suspaision culture, Grahan et al, J. GenViroL 36:59 (1977)); Chinese hamster ovary ceDs/-DHFR 
(CHO, Uriaub and Chasin, f>roc. Natl Acad. Scl. USA 77:421 6 11 980|); mouse sertoG cells (TM4, Mather, Biol Reorod.. 
21243-251 (1980)): human hmg cells (W138, ATCC CCL 75); human fiver ceOs (Hep G2, HB 8065); and mouse mammary 
10 tumor (MMT 060562, ATCC CCLSll The selection of the appropriate host ceU is d^ed to be within the skiD in the art 

3. Selectbn anrf U se of a Renlicahle Vnctnf 
The nudeic acid (&^., cDNA or genonuc DNA| encoding CHEPO may be inserted mto a replicable vector for 
cloning (ampfification of the ONA) or for expression. Various vectors aio publicly avaHable. The vector may, for example, 

15 be in the form of a plasmid, cosmid, viral particle, or phage. The appropriate nucleic acid s«)uence may be inserted into 
the vector by a variety of procedures. In general ONA is inserted into an appropriate restriction endonuclease site($) using 
tKhniques known in the art Vector components genially include, but are not bnited to, one or more of a sgnal sequence, 
an prigm of replication, one or more marker genes, an enhancer element, a promoter, and a transcription termination 
sequence. Construction of suitable vectors contammg one or more of these components employs standard ligation 

2 0 techniques which are known to the skilled artisan. 

The CHEPO may be produced recombinandy not only directly, but also as a fusion polypeptide virith a 
heterologous polypeptide, which may be a signal sequence or other polypeptide having a specific cleavage site at the N- 
tenninus of the mature protein or polypeptide. In general the signal sequence may be a component of the vector, or it may 
be a part of the CHEPO encoding DNA that is inserted into the vector. The signal sequence may be a prokaryotic signal 

2 5 sequence selected, for example, from the group of the alkanne phosphatase, penicillinase. Ipp, or heat-stable enterotoxin 
II leaders. For yeast secretion the signal sequence may be, e^., the yeast invertase leader, alpha factor leader (including 
Saccharomyces and Kiuymomyces -factor leaders, the latter described in U.S. Patent No. 5.010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 pubfished 4 April 1990). or the signal described in 
WO 90/13646 published 15 November 1990. In mammafian cell expression, mammalian signal sequences may be used 

30 to direct secretion of the protein, such as signal sequences from secreted polypeptides of the same or related species, as 
wbQ as viral secretory leaders. 

Both expression and cloning vectors contain a nucleic add sequence that enables the vector to replicate in one 
or more selected host ceOs. Such sequences are well known for a variety of bacteria, yeast, and viruses. The origin of 
repfication from the plasmid pBR322 Is suitable for most Grmnegative bacteria, the 2 plasmid origin is suitable for yeast 

35 and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useful for doning vectors in mammaSan cells. 
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Expressbn and donmg vectors will typsafly contan a selection gene, also tenned a selectable marker. TypicaJ 
selection genes encode proteins that (a) conf^ resistance to antariotics or other toxins, a^.. ampidllin. neomycin, 
methotrexate, or tetracydin^ fli) complement auxotrophic defidendes, or supply critical nutrients not available from 
complex media, e.^., the gene encoding D-alanine raconase for Ba^. 
5 An example of suitable selectable markers for mammalian ceOs are those that enable the IdentifKation of ceOs 

competent to take up the CHEPO^coifing micleic add, such as DHFR or thymidme kinase. An appropriate host ceO when 
wBd-type DHFR 1$ onployed is the CHO cell line defident in DHFR activity, pr^ared and propagated as descrftni by Uriaub 
et al., Proc. NatLAcaiSd USA, 77:«16 (1 980). A suitable selection gene for use in yeast is the trp\ gene present in 
the yeast plasmid YRp7 [Stinchcomb et al.. Nature. 282:39 (1979); Kingsman et al.. Gene, 7:141 (1979); Tsdtemper et 
10 aL, gfine, 10:1 57 (1 980)]. The trp\ gene provides a selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC No. 44076 or PEP4.1 [Jones. Genetics. 85:12 (1977)], 

Expression and cloning vectors usually contain a promoter operably linked to the CHEPO-encoding nudeic add 
sequence to direct mRNA synthesis. Prwnoters recognized by a variety of potential host cells are well known. Promoters 
suitable for use with prokaryotic hosts indude the lactamase and lactose promoter systems [Chang et al, Nature. 
15 225:815 (1978); Goeddet et al. Nature, 281:544 (1979)1 alkaline phosphatase, a tryptophan (trp) promoter system 
[Goeddel, Nucleic Acids Res., 8:4057 (1980); EP 36,7761 and hybrid promoters such as the tac promoter [deBoer et aL, 
Proc. Natl. Acad. Sd. USA, 8021-25 \\m)l Promoters for use in bacterial systons also wOl contain a Shine-Dalgamo 
(S.D.) sequence operebiy linked to the DNA encoding CHEPO. 

Examples of suitable promoting sequences for use with yeast hosts mdude the promoters for S phosphoglycerate 

2 0 kinase (Httzonan et al., J. Biol. Chan., 255:2073 (1 980}] or other glycolytic enzymes [Hess et al.. J. Adv. Enzvme Ren.. 

7:149 (1968); Holland, BiochemistrY, 12:4900 (1978)1 such as enolase, glyceraldehyde-Siihosphate dehydrogenase, 
hexokinase, pyruvate decarboxylase, phosphofnictokinase, glucose &phosphate isomerase, 3-pho8phoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphogtucose isomerase, and glucokmase^ 

Other yeast promotes, which are inducaile promoters having the adifitional advantage of transcription controlled 
25 by growth conditions, are the promoter regions for alcohd dehydrogenase 2, isocytochrome C. add phosphatase, 
degradative enzymes assodated with rdtrogen metabolism, metaOotiuondn, glyceraldehyde-3-phosphate dehydrogenase, 
ami enzymes responsible for maltose and galactose utilization. SuitaUe vectors ami promotes for use in yeast expression 
are further described in EP 73,657. 

CHEPO transcription from vectors in mammalian host ceils is controlled, for example, by promoters obtained from 

3 0 the genomes of viruses sudi as polyoma virus, fowlpox virus (UK 2,21 1,504 pubBshed 5 July 1989), adenovirus (sudi as 

Actenovirus 2), bovine papffloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis B virus and Sonini Vims 
40 (SV40). from heterdogous mammalian promoters, the actio promoter or an immunoglobulin promoter, and from 
heat-shock promoters, provided such promoters are compatible with the host cell systems. 

Transcription of a DNA encoding the CHEPO by higher eukaryotes may be increased by inserting an enhancer 
3 5 sequence into the vector. Enhancers are cb-acting elements of DNA, usuaHy about from 1 0 to 300 bp, that act on a 
promoter to increase its transcription. Many enhancer sapiences are now known from mammafian genes (globing elastase, 
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albumia -f stiqirotein, and insuGnL TyptcaBy, however, one will use an enhanen from a eukaryotic eel vims. Examples 
inchulB the SV40 enhance on the late side of the repycation origin (bp 100-270). the cytunegdovinn early promoter 
enhancer, the polyoma eidiancer on the late side of tin replication origin, and adenovirus enhancers. The enhancer may 
be spficed into the vector at a position 5" or 3" to the CHEH) coding sequence, but is preferably located at a site 5' from 
5 the promoter. 

Expression vectors used in eukaryotic host ceOt (yeast fungi, insect, plant, animal, human, or mideated ceils 
from other mutticeOular organisms) wiD also contain sequences necessary for the temrination of transcription and for 
stabOiang the mRNA. Such sa)uem»s are commonty available from the 5" ami, occashmaOy 3". untranslated regions of 
eukaryotic or viral DMAs or cDNAs. These regions contain nucleotide s^ments transcribed as polyadenylatel fragments 
10 in the untranslated portion of the mRNA encoding CHEPO. 

StiD other methods, vectors, and host ceDs suitable for adaptation to the synthesis of CHEPD in recombinant 
vertebrate ceU culture are described in Gething et aL. Wature. 293:620-625 (1981); Mantei et at. Nature. 281:4048 
(1979); EP 117,060; and EP 117,058. 

4. Detectmn Gene Amniification/EiinrBiiginn 
Gene ampGfication and/or expression may be measured in a sample directly, for example, by conventional 
Southern blotting. Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. Natl. Acad. ScL IKfl 
23201-5205 (1980)), dot blotting (ONA analysis), or Jir snlft hybriiEzation, using an appropriately labeled probe, ba^ 
on the sequences providolher^ A'tOTativBly.amfliodtemaybBBmphyedthatcanraognizespedfBduptexBs.induding 
20 DMA duplexes, RNA duptexes, and DNA-RNA hybrid duplexes or ONA-protehi duphnes. The antibodies in tum may be 
labeled and the assay may be cairied out where tin duplex is boumi to a surface, so that upon the formatnn of duphs on 
the surface, the presence of antAody bound to the duplex can be detected. 

Gene expression, altematnely. may be measured by immumilogical methods, such as unmunohistochemKal 
stainmg of cells or tissue sections and assay of ceH culture or body f knds, to quantitate directly the expression of gene 
25 product AntibodiesosefidforimmumihistochemicalstainingandJorasssyofsamplefhadsmaybeeitto 

polyclonal ami may he prepared in any mammaL Comieniaitly, the emibodies msy be prepared against a native sequence 
CHEPO polypeptide or against a syntiietie peptide based on the ONA sequences provided herein or against exogenous 
sequence fused to CHEPO DNA and encoi&ig a specific antiiody epitope. 

30 5. Purification °* Pohmentid^ 

liirms of CHEPO may be recovered from culture medium or from host ceB lysates. If membrane-bound, it can 
be released from tin membrane using a suitable detergent solution ^.g. Triton-X 100) or by enzymatic cleavage. CeOs 
employed in expression of CHEPO can be disrupted by various physical or chemical means, such as freeze-thaw cycling, 
sonication, mechanical (fisruption, or cell lysmg agents. 
35 It may be desired to purify CHEPO from recombinam cefl proteins or polypeptides. The foflowing procedures are 

exemplary of suitable purification procedures: by fractionation on an ion«xchange cohmn; etiiamil predpitati'on; reverse, 
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phase HPLC; chromatography on sifica or on a cation^ichange resin such as OEAE; chromatofocusing; SDS-PAGE; 
ammonmm suKata precipitation; gel filtration using, for example, Sephadu 6-75; protein A Sepharose columns to ronove 
contaminants such as lg& and metal chelating cohimns to bind ^itope-tagged forms of the CHEPO. Various methods of 
prot^ purification may be emidoyed and such methods are known in the art and described for example in Deutscher, 
5 Methods in Eninrmology, 182 (1990); Scopes, Protein f>urificatiDn: Prmcioles and Practice. Springer-Veriag, New York 
(1982). The purification stepfs) selected will depend, for example, on the nature of the production process used and the 
particular CHEPO produced. 

E. Uses for CHEPO 

1 0 Nucleotide sequences (or their complement) encoding CHEPO have various applications In the art of molecular 

biology, including uses as hyfaridoation probes, in dn-omosoma and gene mapping and in the generation of anti-sense RNA 
and DNA. CHEPO nudeic add wiD also be useful for the preparation of CHEPO polyp^des by the recondmisuit techniques 
described herein. 

The fuD-length native sequence CHEPO cDNA (SEQ ID N0:3), or portions thereof, may be used as hybridization 
15 probes for a cONA library to isolate the full-length CHEPO cDNA or to isolate still other cDNAs (for instance, tiiose 
encoding naturally-occurring variants of CHEPO or CHEPO from otiier species) which have a desired sequence identity to 
the CHEPO sequence disdosed in Figure 2 (SEQ ID N0:3). Optionally, the length of the probes wiO be about 20 to about 
50 bases. The hybridization probes may ba derived from at bast partially novel regions of the nucleotide sequence of SEQ 
ID N0:3 wherein those r^ions may be determined without undue experimentation or from genomic soiuences inchiding 
20 promoters, enhancer elements and mtroiB of native sequence CHEPO. By way of example, a screen'mg method will 
comprise isolating the coding region of the CHEPO gene using tiie known DNA sequence to synthesize a selected probe of 
about 40 bases. HybridizatHin probes may be labeled by a variety of labels, biclud'mg radkmudeotides such as ^P or 
or enzymatic labels such as alkaCne phosphatase coupled to tiie probe via avidinlbiotin coupling systems. Labeled probes 
having a sequence complementary to that of tiie CHEPO gene of tiie present invention can be used to screen libraries of 

2 5 human cDNA, genomic DNA or mRNA to tteternune which menAers of such librares tiie probe hybridizes to. Hybridization 

tedmiques are described in further detaS m tiie Examples below. 

Any EST sequences disdosed bi tiie i^sem application may sinnlariy be employed as probes, using the medtods 
disclosed herein. 

Other useful fragments of the CHEPO nucleic adds indude antisense or sense oligonucleotides comprising a 

3 0 singe-stranded nudeic add sequence (eitiier RNA or DNA) capable of iunding to target CHEPO mRNA (sense) or CHEPO 

DNA (antisense) sequences. Antisense or sense oGgonudeotides, according to the present invention, comprise a fragment 
of tfie coding region of CHEPO DNA. Such a fragment generally comprises at least about 14 nudeotides, preferably from 
about 14 to 30 nudeotides. The ability to derive an antisense or a sense otigonudeotide, based upon a cDNA sequence 
encoding a ghren protein is described in, for example. Stein and Cohen (Cancer Res. 48:2659, 1 988) and van der Krd et 
35 aL IBwTechnfQues 6:958, 1988). 
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Bbufing of antisense or sense ongonucleotides to target nucleic acid sequences results in the formation of 
duplexes that block transcription or translation of the target sequence' by one of several means, includmg enhanced 
degradation of the duplexes, premature termination of transcription or translation, or by other means. The antisense 
oligonucleotides thus may he used to block expression of CHEPO proteins. Antisense or sense oligonucleotides further 
5 comprise oligonucleotides having modified sugar-phosphodiester backbones (or other sugar linkages, such as those 
described in WO 91/06629) and wherein such sugar linkages are resistant to endogenous nucleases. Sudi oligonucleottttes 
with resistant sugar linkages are stable in vivo (i.e^ capable of resisting enzymatic degradation) but retain sequence 
specificity to be able to bind to target micleotide sequences. 

Other examples of sense or antisense oligonucleotides include those oligonucleotides which are covalently linked 

10 to organic moieties, such as those descrOied in WO 90/10048, and other moieties that increases affinity of the 
oligonucleotide for a target nucleic acid sequence, such as poWUysine). Further still, intercalating agents, such as 
el&pticine, and alkylating agents or metal complexes may be attachol to sense or antisense oligonucleotides to modify 
binding specificities of the antisense or sense oligonucleotide for the target nucleotide sequaice. 

Antisense or sense oligonucleotides may be introduced into a ceil containing the target nucleic add sequence by 

15 any gene transfer method, including, for example, CaP04-mediated DMA transfection, electroporation, or by using gene 
transfer vectors such as Epstein Barr virus, bi a prefmed procedure, an antisense or sense oligonucleotide is inserted into 
a suitable retroviral vector. A cell containing the target nudac acid sequence is contacted with the recombinant retroviral 
vector, either m vivo or ex vivo. Smtable retroviral vectors biclude, but are not lonited to. those derived from the murine 
retrovirus M MuLV, N2 (a retrovirus derhred from M-MuLV), or the double copy vectors designated DCT5A, DCT5B and 

20 DCT5C (see WO 90/136411. 

Sense or antisense o^onucleotides also may be introduced into a cell containing the target nucleotide sequence 
by formation of a conjugate with a iigand binding molecule, as described in WO 91/04753. Suitable ligand binding 
molecules inchjde, but are not limited to, ceQ surface receptors, growth factors, other cytokine?, or other Ggands that bind 
to cell surface receptors. Preferably, conjugation of the Ggand binding molecule does not substantiaRy interfere with the 

25 ability of the iigand bindmg molecule to bind to its corresponding molecule or receptor, or block entry of the sense or 
antisense ofigonudeotide or its conjugated version into the cell. 

AhematwBly, a sense or an antisense oligonucleotkie may be introduced into a ceil containing the target nucbic 
acid sequence by formation of an oligonucleotide-Gpid complex, as described in WO 90/10448. The sense or antisense 
oligonucleotide-lipid complex is preferably dissodated within the cell by an endogenous lipase. 

30 The probes may also be employed in PCR teduiques to generate a pool of sequences for identification of dosely 

related CHEPO coding sequences. 

Nudeotide sequences encotfing a CHEPO can also be used to construct hybriifization probes for mapping the gene 
whidi oicodes that CHEPO and for the genetic analysis of indhriduais with genetic disorders. The micleotide sequences 
provided herein may be mapped to a chromosome ami i^isxaffk regioris of a diromosome using known techniques, sudi as 

35 bi^ hybridization, Gnkage analyso against known diromosomal markers, and hybridization screening with hTiraries. 
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When the coding sequences for CHEPO encoife a protein which binds to another protein (example, where the 
CHEPQ is a receptorh the CHEPO can be used in assays to identify the other proteins or molecules invohred In the bmding 
Interaction. By such methods, inhibitors of the receptor/iigand binding interaction can be identified. Proteins involved in 
such binding interactions can also be used to screen for peptide or small molecule inhibitors or agonists of the binding 
5 interaction. Also, the receptor CHEPO can be used to isolate correlathre ligand(s). Screening assays can be designed to 
find lead compounds that mimic the biological activity of a nathre CHEPO or a receptor for CHEPO. Such screening assays 
will Include assays amenable to high-throughput screening of chanical Gbraries, making them particularly suitable for 
identifying small molecule drug candidates. Small molecules contemplated inchide synthetic organic or inorganic 
compounds. The assays can be performed in a variety of f omiats, inchiding protein-prote'm binding assays, biochemical 

10 screening assays, immunoassays and cell based assays, which are well characterized in the art. 

Nucleic acids wMch encode CHEPO or its moifified forms can also be used to generate either transgenic animals 
or "knock out" annnals which, in turn, are useful in the development and screening of therapeutically useftd reagents. A 
transgenic ammal (e.g., a mouse or rat) b an animal having ceDs that contain a transgene, which transgene was introduced 
into the annnal or an ancestor of the animal at a prenatal e.g., an embryonic stage. A transgene is a DNA which is 

1 5 integrated into the gaiome of a cell from which a transgenic animal devebps. In one onbodiment cONA encoifing CHEPO 
can be used to done genomic DNA encoding CHEPO in accordance wth estabfished techniques and the genomic sequences 
used to generate transgenic animals that contain cells which express DNA encoifing CHEPO. Methods for generating, 
transgenic animals, particularly anmiats such as mice or rats^ have become conventional in the art and are described, for 
example, in U.S. Patent Nos. 4,736,866 and 4.870,009. TyptcaOy, particular cells would be targeted for CHEPO transgene 

2 0 incorporation with tissue-^edfic enhancers. Transgenic animals tiiat inchide a copy of a transgene encoding CHEPO 
mtroduced into the germ fine of the animat at an embryonic stage can be used to examine the effect of increased expression 
of DNA encoding CHEPO. Such animais can be used as tester annnals for reagents thought to confer protection ftm, for 
example, pathological conditions associated with its overexpression. In accordance with this facet of the invention, an 
animal is treated with tiie reagent and a reduced incidence of the patiiological condition, compared to untreated animals 

2 5 bearing the transgene, would indicate a potential therapeutic intervemibn for the patiiological condition. 

Altematively, non-human homologues of CHEPO can be used to construct a CHEPO 'knock out" aramal which 
has a defective or altered gene encoding CHEPO as a result of homologous r^ombination between the endogenous gene 
encoding CHEPO and altered genomic DNA encoding CHEPO introduced into an embryonic stem cell of tiie animal. For 
example, cONA encoding CHEPO can be used to done genomic DNA encod'mg CHEPO in accordance witii established 

3 0 techniques. A portion of the genomic DNA encoding CHEPO can be deleted or rei^aced witii anotiiw gene, such as a gene 

encoding a selectable marker which can be used to monitor imegration. Typically, several Idlobases of unahered flanking 
DNA (botii at the 5' and 3' ends) are inchided in the vector (see e.g., Thomas and Capecchi, Ceg, 51:503 (1987) for a 
description of homologous recombination vectors!. The vector is introduced Into an embryonic stem ceD line (e.g., by 
electroporation) and ceOs in which the introduced DNA has homologously recombined with tiie endogenous DNA are 
3 5 selected (see e.g., U et ^, M 69:915 (1992)]. The selected cells are tiien mjected into a blastocyst of an animal (e.g., 
a mouse or rat) to fomi aggr^atmn chimeras Im e.g., Bradley, m TeratmmonasanaBnlffyomStm CeBxA Pmtk^ 
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Appmch, L J. Robertson, ed. ORL Oxford, 1987), pp. 1 13-1521 A chirneric embryo ean th«i be implanted mto a suitable 
psBudopregnant f&nale foster animal and the embryo brought to term to aeate a "knock out" animaL Pmoeny harboring 
the homologously recombined ONA in their germ ceUs can be identified by standard technniues and used to breed annnals 
in which ali cells of the animal contam the homologously recombined DMA. Knockout animals can be characterized for 
5 instance, for their abiBty to defend against certain pathological conditions and for their development of pathologh»i 
conditions due to absence of the CHEPO polypeptide. 

Nucleic add encoding the CHEPO polypeptides may dso be used in gene therapy. In gene therapy applications, 
genes are introduced into cells in order to achieve in mo synthesis of a therapeutically effective genetic product, for 
example for replacement of a defective gene. "Gene therapy" includes both conventional gene therapy where a lasting 

1 0 effect is achieved by a single treatment and the administration of gene therapeutic agents, which invohres the one time 
or repeated admmistration of a therapeutically effective ONA or mRNA. Antisense RNAs and DNAs can be used as 
therapeutic agents for blocking the expression of cmain genes in mo. It has already been shown that short antisoise 
oGgoraideotiites can be imported into cells where they act as InhBiitors, despite their low intracellular concentrations 
caused by their restricted uptake by the ceO membrane. (Zamecnik Bt aL. Proc. Natl. Acad. Sci. USA 83, 41434148 

15 [19861). The oligonucleotuies can be modified to enhance their uptake, e.g. by substituting their negatively charged 
phosphodiester groups by uncharged groups. 

There are a variety of techniques available for mtroducing nucleic acids into viable ceBs. The techniques vary 
d^mg upon wrtiether the nucleic add B transferred in^ 

Techniques suitable for the transfer of nudeic acid into mammaDan t^mwtro indude the use of liposomes, 
2 0 etectroporation, microinjection, cell fusion, DEAE^Iextran. the caldum phosphate predpitation method, etc The cuneitfy 
preferred ^ im gene transfer tediniques indude transf action with viral (typically ratrovirai) vectors ami viral coat protem- 
liposome metfiated transfection (Dzau et a!.. Trends in Biotechnplngy |i 205-210 [1993]). In some situations it is 
desirable to provide the nudeic add source witfi an agent that targets the target cells, sudi as an antibody spedfic for 
a cell surface membrane protein or the target cell, a ligand for a receptor on tiie target cell, etc Where Uposomes are 

2 5 employed, proteins which bind to a ceil surface membrane protein assodated with endocytosis may be used for targeting 

and/or to fadlitate uptake, e.g. capad proteins or fragments thereof tropic for a particular ceil type, antibodies for protons 
whidi undergo internalization in cycfing, proteins that target intracellular localization and enham:e intraceflular half-life. 
The technique of receptor-mediated endocytosis is described, for example, by Wu et aL J, Biol. Chem. 262, 44294432 
(1987); and Wagner et ai., Proc. Natl. Acad. Sci. USA 87, 3410-3414 (1990). For review of gene marking and gene 

3 0 therapy protocols see Anderson et al.. Science 256. 808-81 3 (1 992). 

The CHEPO polypeptides described herein may also be employed as molecular weight markers for protein 
electrophoresis purposes. 

The nuddc add molectdes encoding the CHEPO polypeptides or fragments thereof described herein are useful 
for diromosome Identification, hi tius regard, there exists an ongoing need to identify new diromosome markers, since 
3 5 relatively few diromosome markmg reagente. based upon actual sequence data are presentiy available. Eadi CHEPO 
nudeic acid moleode of tiie present invention can be used as a chromosome marker. 

68 



wo 00/68376 



PCT/USOO/12370 



TheCHEPO pcriypqitifbs and nucleic add mdnutssri the pre^ invention may also ba used for tissue typing, 
wherein the CHEPO polypepthtes of the present invention may be differentially expressed in one tissue as compared to 
another. CHEPO nucleic add molecules wiO find use for generating probes for PCR, Northern analysis, Soutiiern analysis 
and Western analysis. 

5 The CHEPO polypeptides descr&ed herein may also be employed as therapeutic agents. The CHEPO polypeptides 

of the presait invention can be formulated according to known methods to prepare pharmaceuticafly useful compositions, 
whereby the CHEPO product hereof is combined in admixture with a pharmaceutically acceptable carrier vehicle. 
Therapeutic formulations are prepared for storage by mixing the active mgredient having the desired degree of purity with 
optional physiologicafly acceptable carriers, excipients or stabifeers (Remington's Pharmaceutical Sciences IBth eifition, 

10 Osol, A. Ed. (1980)), in the form of lyophiiized formulations or aqueous solutions. Acceptable carriers, excipients or 
stabilizers are nontoxic to recipients at the dosages and concentrations employed, and mclude buffers such as phosphate, 
dtrate and other organic adds; antioxidants induifing ascorbic acid; low molecular weight (less than about 10 residues) 
polypeptides; proteins, such as serum albumin, gelatin or Immunoglobulins; hydrophllic polymers such as 
polyvmylpyrrolidone, ammo adds such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides 

1 5 and other carbohydrates induding ghicose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as 
mannitol or sorbitol; salt-forming counterions such as soifium; andlor nonhmic surfactants such as TUtfEEN™, PLURONICS™ 
or PEG. 

The fonmdations to be used for ^ im adndrastration must be sterile. This is readily accomplished by filtration 
through sterile filtration membranes, prior to or following lyophiGzation and reconstitution. 

2 0 Therapeutic compositions her«n generally are placed into a container having a sterile access port for examide. 

an intravenous sohition bag or vial having a stoppo' pierceable by a hypodermic injection nndle. 

The route of administration is m accord with known methods, e.g. injection or infusion by intravenous, 
intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial or intralesional routes, topical administration, or by 
sustained release systems. 

25 Dosages and desired drug concentretions of pharmaceutical compositions of the present mvention may vary 

depending on tiie particular use envisioned. The determination of the appropriate dosage or route of aAninistration is weD 
within the skill of an ordinary physidan. Animal experiments provide reliable guidance for the determmation of effective 
doses for human therapy. Interspedes scafing of effective doses can be perf omted f oOowIng the principles laid down by 
Mordenti, J. and Chappell, W. "Tlie use of interspedes scaling in toxicokinetics" !n Toxicokinetics and Mew Drug 

3 0 Development. Yacobi et aL, Eds., Pergamon Press, New York 1 989, pp. 42-98. 

When in mo administration of a CHEPO polypeptide or agonist or antagonist tiiereof is anptoyed, nomial dosage 
amounts may vary from about 10 ng/kg to up to 100 mgikg of mammal body weight or more per day. preferably about 1 
glkglday to 10 mg/kg/day, depending upon the route of administration. Guidance as to particular dosages and methods 
of defivery is provided in the literature; see. for example, U.S, Pat. Nos. 4.657.760; 5,206.344; or 5,225.212. It is 
3 5 antidpated that different f ormolatioiis will be effective for different treatment compounds and different cfisorders, tfiat 
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adiffinistration targeting one organ or tissue, for example, may necessitate delivery in a manner diffnent from that to 
another organ or tissue. 

Where sustained-release administration of a CHEPO polypeptide is desired in a fonnulation with release 
characteristics suitable for the treatment of any disease or disorder requiring administration of the CHEPO polypeptide, 
5 microencapsulation of the CHEPO polypeptide is contemplated. Microencapsulation of recombinant proteins for sustained 
release has been successfully performed with human growth hormone (rhGH), interferon- {rhIFN- K interteukin-2, and MN 
rgpl20. Johnson et aL, Nat Med„ 2: 795799 (199Bfc Yasuda, Biomed Ther.. 27: 122M223 (1993); Hora et aL, 
Bio/TechnolooY, 8: 755-758 (19901; Cleland, "Desip and Production of Single Immunization Vaccines Using Polylactide 
Polyglycolide Microsphere Systems," in Vaccine Design: The Subunit and Adjuvant Aoproach. Poweil and Newman, eds, 
1 0 {Plenum Press: New York. 1 995), pp. 439462; WO 97/03692. WO 96/40072, WO 96/07399; and U.S Pat No. 5,654,01 0. 

The sustained-release formulations of these proteins were developed using poly-lactic-coglycoiic acid (PL6A) 
polymer due to its biocompatibyity and wide range of biodegradable properties. The degradation products of PL6A. lactic 
and glycolic acids, can be cleared quickly within the human body. Moreover, the degradabiiity of this polymer can be 
adjusted from months to years d^ending on itt molecular weight and composition. Lewis, "Controlled release of bioactive 
15 agents from lactide/gtycoKde polymer," in: M. Chasin and R. Langer (Eds.), Biodegradable Poivmers as Drug Deriyerv 
Systems (Marcel Dekken New York, 1990), pp. 141. 

This invention encompasses methods of screenmg compounds to identify those that manic the CHEPO 
polypeptide (agonists) or prevent the effect of the CHEPO polypeptide (antagonistsK Screening assays for antagonist drug 
candidates are designed to identify compounds that bind or complex with the CHEPO polypeptides encoded by the genes 

2 0 identified herein, or odierwise interfere witii tiie interaction of tiie encoded polypeptides witii otiier ceSular proteins. Such 

screening assays wS inchide assays amenable to ht^tiiroughput screening of chonical Gbraries, making them particulaily 
suitable for identifying small molecule drug candidates. 

The assays can be performed in a variety of formats, including protejn-protein binding assays, biochemical 
screening assays, immunoassays, and celMiased assays, which are well characterized in the art. AD assays for 
25 antagonists are common in that they call for contacting tiie dmg candidate with a CHEPO polypeptide oicoded by a nudac 
acid identified herein under conditions and for a time sufficient to allow tiiese two components to interact 

In binding assays, the interaction is binding and the complex foraied can be isolated or detected in the reaction 
mature. In a particular embodiment the CHEPO polypeptide encoded by the gene identified herein or tiie drug candidate 
is immoblTized on a soHd phase, e,g., on a microuter plate, by covalent or non-covalent attachments. Non-covalent 

3 0 anachment generally is accomplished by coat'mg the solid surface with a sohition of the CHEPO polypeptide and drying. 

Alternatively, an immobifized antibody, e,g^ a monoclonal antibody, specific for the CHEPO polypeptide to be immobilized 
can be used to anchor it to a solid ^rf ace. The assay is performed by ading tiie non-immobifized component which may 
be labeled by a detectable label, to the immobilized component B.g., tiie coated surface containing the anchored 
component When the reaction is complete, the non-reacted components are removed, B,g^ by washing, and complexes 
3 5 anchored on the solid surface are detected. When the originaily non-immobilized component carries a detectable label, the 
detection of label bnmobifized on the surface inificates that complexing occurred. Where the origmally non-immobOized 
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componoit does not cany a label compiexmg can be detectedl for examine, by using a labeled antibody spedficaBy binding 
the immobilized complex. 

If the candidate compound interacts with but does not bmd to a particidar CHEPO polypeptide encoited by a gene 
identified herein, its interaction with that polypeptide can be assayed by methods weD known for detecting prot^-fvotein 
interactions. Such assays include traditional approaches, such as, B.g., cross-linking, co-immunoprecqiitatioit and co- 
purification through gradients or chromatographic columns. In addition, i^otem-protein interactions can be monitored by 
using a yeast-based genetic system descnbed by Relds and co-workers (Fields and Song, Nature (Lnndnn^. 340; 245-246 
(1989); Chien ^a/.. Proc Natl Acad. Sd. USA. 88: 9578-9582 (1991)) as disclosed by Chevray and Nathans, ProcNatL 
Acad. Sci. USA, 89: 5789-5793 (1991). Many transcriptional activators, such as yeast 6AL4. consist of two physically 
discrete modular domains, one acting as the ONA-binding domain, the other one functioning as tiie transcription-activation 
domain. The yeast expression system described in tiie foregoing publications (generally referred to as the "two-hybrid 
system") takes advantage of this property, and employs two hybrid proteins, one in which tiie target protein is fused to 
the ONA-binding domain of GAL4, and anotiier, in which canifidate activating proteins are fused to the activation domain. 
The expression of a GALV/acZ reporter gene under control of a GAL4-3ctivated promoter depends on reconstitution of 
GAL4 acthrity via protein-protein interaction. Colonies containing interacting polypeptides are detected with a chromogenic 
substrate for -galactosidase. A complete kit (MATCHMAKER™) for identifying protein-protein interactions between two 
specific proteins using the two-hybrid technique is commercially avaSable from Clontech. This system can also be extended 
to map protein domains mvohred in specific protein biteractions as well as to pinpoint amino acid residues that are crucial 
for these interactions. 

Compounds titat interfere with the interaction of a gene encoding a CHEPO polypeptide identified herein and 
otfier intra- or extracellular components can be tested as follows: usually a reaction mixture is prepared containing the 
product of the gene and the Intra- or extracellular component under conditions and for a time allowing for the interaction 
and binding of the two products. To test the ability of a candidate compound to inhibit binding, the reaction is run in the 
absence and in tin presence of tiie test compouni In addition, a placebb may be added to a tiiird reaction mixture, to serve 
as posithre control. The binifing (complex formation) between the test compound and tiie intra- or extraceihdar componrat 
present in the mixture is monitored as descrBied hereinabove. The formatnn of a complex in the control reaction(s) but 
not in the reaction mature containing tite test compound indicates tiiat dse test compound interferes with tiie interaction 
of the test compound and its reaction partner. 

To assay for antagonists, tiie CHEPO polypeptide may be added to a cell along witii the compound to be scremd 
for a particular activity and the abiOty of the compound to inhibit the activity of interest m tiie presence of the CHEPO 
polypeptide indicates that the compound is an antagonht to tiie CHEPO polypeptide. Alternatively, antagonists may be 
detected by combining the CHEPO polypeptide and a potential antagonist with membrane-bound CHEPO polypeptide 
receptors or recombinant receptors under appropriate contfitions for a competitive inhibition assay. The CHEPO polypeptide 
can be labeled, such as by radioactivity, such tiiat tiie number of CHEPO polypeptide molecules bound to tiie receptor can 
be used to determine tiie effectiveness of the potential antagonist The gene encoding tiie receptor can be identified by 
numerous metfuds known to tiiose of ski in tiie art, for example, Cgand panning and FACS sorting. Coligan etaL, Current 
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Protocols in Immun., 1(2): Chapter 5 (1991). Preferably, exprKsiim doinng is employral wherein potyadenylatnl RNA is 
prepared from a ceU responsive to the CHEPO polypeptide and a cDNA Ebrary created from this RNA is dhrided into pools 
and used to transfect COS ceils or other cells that are not responshre to tin CHEPO polypeptide. Transfected cells that 
are grown on glass slides are exposed to labeled CHEPO polypeptide. The CHEPO polypeptide can be labeled by a variety 
5 of means including iodination or inchision of a recognition site for a site-specific protein kinase. Following fbcation and 
incubation, the slides are subjected to autoradiographic analysis. Posithre pools are identified and sub-pools are prepared 
and re-transf ected using an interactive sub-pooling and re-screening process, eventually yielding a single clone that nicodes 
the putative receptor. 

As an alternative approach for receptor identification, labeled CHEPO polypeptide can be photoaffinity-linked with 

10 cell membrane or extract preparations that express the receptor molecule. Cross-linked material is resoh^ed by PAGE and 
exposed to X-ray film. The labeled complex containing the receptor can be exdsed. resohred into peptide fragments, and 
subjected to protein micro-sequencing. The andno acid s«|uence obtained from micro- sequencing would be used to design 
a set of degenerate oligonucleotide probes to screen a cONA library to identify the gene encoding the putative receptor. 
In another assay for antagorasts, mammalian c^ls or a membrane preparation expressing the receptor would be 

15 incubated with labeled CHEPO polypeptide in the presence of the candidate compound. The ability of the conniound to 
eidiance or block tlus interaction could then be measured. 

More specific examples of potential antagonists include an oiigonudeotide that b'mds to the fusions of 
immunoglobufin with CHEPO polypeptide, and, in particular, antibodies induing, without limitation, poly- and monoclonal 
antibodies and antibody fragments, single-chain antibodies, anti idiotypic antibodies, and chimeric or humanized versions 

20 of sudi antibodies or fragments, as wdl as human antibodies and antibody fragments. Alternatively, a potential antagonist 
may be a dosdy related protein, for example, a mutated form of the CHEPO polypeptide that recognizes the receptor but 
imparts no effect thereby competitivdy inhibiting the action of the CHEPO polypeptide. 

Anoth^ potential CHEPO polypeptide ^agonist is an antisense RNA or DNA construct prepared using anti^se 
technology, where, e.g„ an antisense RNA or ONA molecule ects to block directly the translation of mRNA by hybridizing 

25 to targeted mRNA and preventing protein translation. Antisense tedurology can be used to control gene expression through 
triple-heHx formation or antisense DNA or RNA, both of which methods are based on binding of a polymideotida to DNA 
or RNA. For example, the 5' coding portion of the polynucleotide sequence, which encodes the mature CHEPO polypeptides 
herein, is used to design an antisense RNA oiigonudeotide of from about 10 to 40 base pairs in length. A DNA 
oligonucleotide is designed to be complementary to a region of the gene invohred in transcription (triple helix • see Lee et 

30 aL, NucL Acids Res., 6: 3073 (1979); Cooney etaL Science. 241: 456 (1988); Dervan eta/,. Srience. 251: 1380 (19911), 
thereby preventing transcription and the production of the CHEPO polypeptide. The antisense RNA oiigonudeotide 
hybridizes to the mRNA in vivo and blocks translation of the mRNA molecule into the CHEPO polypeptide (antisense - 
Okano, Neurochent. 56: 560 (1 991); ODaodeoxvnudeotides as Antisense Inhibitors of Gene Expression (CRC Press: Boca 
Raton, FL, 1988). The otigonudeotides described above can also be delivered to cells such that the antisense RNA or DNA 

35 may be expressed in mo to fashant production of the CHEPO polypeptide. When antisense DNA a used. 
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ofigodeoxyraionucteotiiies derived from the trandathiiHnitiation site, e.g.. between about -10 and 10 positions of the 
target gene nucleotide sequence, are preferrei 

Potential antagonists include small molecules that bmd to the active site, the reenter binding site, or growth 
factor or other relevant binifing site of the CHEPO polypeptide, thereby blocking the normal biologicai activity of the CHEPO 
5 polypeptide. Examples of small molecules mchjde, but are not limited to. small peptides or peptide-like molecules, 
preferably sohible peptides, and synthetic no^peptidyl organic or inorganic compounds, 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA. Ribozymes act by 
sequence-specific hybridization to the complonentary target RNA, followed by endonudeolytic deavage. Specific ribozyme 
cleavage sites within a potential RNA target can be identified by known techniques. For further details see, e,g,, Rossi. 
10 Current Biology, 4: 469471 (1994J. and PCT pubfication No. WO 97/33551 (published September 18, 1997). 

Nucleic acid molecules in triple-helix formation used to inhibit transcription should be single-stranded and 
composed of deoxynucleotides. The base composition of these oligonucleotides is designed such that it promotes triple- 
helix formation via Hoogsteen base-pairing rules, which generally require sizeable stretches of purines or pyrimid'mes on 
one strand of a duplex. For further details see, e.g., PCT publication No. WO 97/33551. supra, 
1 5 These small molecules can be identified by any one or more of the screening assays ifiscussed hereinabove and/or 

by any other screening techniques well known for those skaied in the art 

F. Anti-CHEPOAmihodies 
The present invention further provides anti-CHEPO antibodies. Exemplary antibodies include polyclonal, 

2 0 monoclonal, humanized, bispedfic, and heteroconjugate antSiodies. 

1. Polvdonal Antlhodjy^ 
The ami-CHEPO antiboies may comprbe polydonal antibodies. Methods of preparing polyclonal antibodies are 
known to the sknied artisan. Polydonal antibodies can be raised in a mammal, for example, by one or more mjections of 

25 an immunizing agent and, if desired, an adjuvant. Typically, the immunizing agent and/or adjuvant wiD be mjected in the 
mammal by multiple subcutaneous or intraperitoneal injections. The immunizmg agem may induito the CHEPO polypeptide 
or a fusion protein thereof. It may be useful to conjugate the immunizing ^ent to a protein known to be immunogenic in 
the mammal being immunizel Examples of such immunogenic proteins indude but are not fimited to keyhole finqiet 
hemocyanm, serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor. Examples of adjuvants which may be 

30 employed indude Freund's complete acSuvant and MPL-TDM adjuvant (monophosphoryl Lipid A, synthetic uehalose 
dicorynomycolate). The immunization protocol may be selected by one skilled in tite art witiiout undue experimentation. 

1 Monodonal Antibodies 
The anti-CHEPO amibodies may, altemativdy, be monodonal antibodies. Monodonal antiboifies may be pr^iared 

3 5 usmg hybridoma methods, such as tiiose described by Kohler and Milstein, Nature. 258:495 (1 975). In a hybridoma 

metiiod. a mouse, hamster, or otiter appropriate host animal, is typically immunized witii an immunizing agent to elicit 
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lyn^ihocytes that procbice or are capahJe of producing antibodies that will specifically bind to the imnnuuzing agent 
Attematively, the lymphocytes may be fannumized in vitro. 

The mimunizing agent wHI typically inchide the CHEPO polypeptide or a fusion protmn thereof. Generally, either 
peripheral blood lymphocytes ("PBLs") are used if ceDs of human origin are desired, or spleen cells or lymph node cells are 
5 used if non-human mammalian sources are desired. The lymphocytes are then fused with an bnmortafized cell line using 
a suitable fusing agent, such as polyethylene glycol to form a hybridoma cell {Coding, Monoclonal Antibodies: PrinciDles 
and Practice, Academic Press, (1986) pp. 59-1031. immortalized ceU Gnes are usually transformed mammalian cells, 
particularly myeloma cells of rodent, bovine and human origin. Usually, rat or mouse my toa cefl lines are emptoyed. The 
hybridoma ceils may be cultured in a suitable culture mediimi that preferably contains one or more substances that inhibit 

10 the growth or survival of the unf used, immortalized ceUs. For example, if the parental ceDs lack the enzyme hypoxanthine 
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include 
hypoxantWre, aminopterm, and thymidine THAT medium"), which substances prevent the growth of HGPRT-deficient cells. 

Preferred immortalized cell lines are those that fuse efficiently, support stable high level expression of antibody 
by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. More preferred immortafized 

15 ceH fines are murine myeloma fines, which can be obtained, for instance, from the Salk Institute Cell Distribution Center, 
San Diego, California and the American Type Culture Collection. Manassas, Virginia. Human myeloma and mouse-human 
heteromyeloma ceD fines also have been described for the production of human monoclonal antibodies [Kozbor, J. ImmunoL 
1S:3001 11 984); Brodeur et aU Monoclonal Ant ibody Production Technioues and Apolications. Marcel Dekker, Inc., New 
Yoric (1987) pp. 51-63). 

^ culiure medium in wMch the hybrUoma cefis are cultured can then be assayed for the presence of monoclonal 
ant9iodies directed against CHEPO. Prefwably, the binifing speoTicity of monoclonal antiboifies produced by the hybridoma 
ceOs is determined by immunoprecipitation or by an w vitro binding assay, such as radio'unmunoassay (RIA) or enzyme- 
linked immunoabsoriient assay (ELISA). Such techniques and assays are known in the art. The binding affinity of the 
monoclonal antOiody can, for example, be determmed by the Scatchard analysis of Munson and Pollard, Anal. Biochem.. 
25 107:220(1980). 

After the dernd hybrhloma cells are identified, the chines may be subdoned by Inniting dilution procedures end 
grown by standard methods [Golfing, msi- Suitable culture media for this purpose inchide, for example, Dulbecco's 
Modified Eagle's Medium and RPMI-1640 medium. Alternatively, tiie hybridoma ceHs may be grown at vivo bs ascites in 
a mammal. 

30 The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture medium or 

ascites fluid by conventional immunoglobulin purification procedures such as, for example, protein A-Sepharose, 
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as those described in U.S. 
Patent No. 4,816,587. DNA encoding tiie monoclonal antibodies of the invention can be readily isolated and sequenced 
35 using conventional procedures (e.g., by usmg oligonucleotide probes that are capable of bintfing specifically to g»ies 
encoding the heavy and fight chains of murine antiboifiesl. The hybridoma cds of tite invention serve as a pref med source 
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of such DNA. Once isolated, the DNA may be placed into eipression vectors, virtiich are then transfected mto host ceDs 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma ceils that do not otherwise produce 
immunoglobufin protdn, to obtain the synthesb of monoclonal antibodies in the recombinant host c^ The DNA also may 
be modified, for example, by substituting the coding s«|uence for human heavy and light chain constant domains in place 
5 of the homologous murine sequences [U.S. Patent No. 4,8 1 6,567; Morrison et al., supral or by covaiently joining to the 
immunoglobufm coding sequence afl or part of the cod'mg sequence for a non-immunoglobulin polypeptide. Such a non- 
tmmunoglobuBn polypeptide can be substituted for the constant domains of an antibody of the invention, or can be 
substituted for the variable domams of one antigen-combining site of an antibody of the invention to create a chimeric 
bivalent antibody. 

10 The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well known in 

the art For example, one method invohres recombinant expression of immunoglobulin fight chain and modified heavy chain. 
The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy chain crosslinking. 
Aitematwely, tlfie relevant cysteme residues are sidistttuted with another amind acid residue or are deleted so as to prevait 
crossOnking. 

15 In vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to produce 

fragments thereof, particularfy. Fab fragments, can be accomplished usmg routine techniques known in the art 

3. Human and Humanized Antihodigs 
The anthCHEPO antibodies of the invention may further comprise humanized antibodies or human antibodies. 
Humanized fonns of non-human (e^g., murine) antSiodiBs are chimeric immum^tobidins, immunoglobulin chauis or frapents 
thereof (such as Fv, Fab, Fab*, fW)i or other antigen-bimbig sid»equences of antibodies) wNch contain minnnai sequence 
derived from non-human immunoglobulin. Humanized antibodies include human imnumi^iobulins (recipient antSiody) in 
which residues from a complonentary determining region (CDR) of the recipient are replaced by residues from a COR of 
a non-human species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and capacity. 
In some Instances, Fv framework residues of the human immunoglobufin are replaced by corresponifing non-human 
residues. Humanized antibodies may also comprise residues which are found neither in the recipient antibody nor in the 
imported CDR or framework sequences. In general, the humanized antibody wQl comprise substantially ail of at least rnie, 
and typically two, variable domains, in which aO or substantially all of the CDR regions correspond to those of a non-human 
immunogloburm and all or substantially all of the FR regions are those of a human immunoglobulin consensus sequence. 
The humanized ant&ody optimally also virffl comprise at least a portion of an immunoglobufin constant region (Fc), typically 
that of a human unmunoglobulin [Jones et at, Nature. 321:522-525 (1986); Riechmann et al.. Nature. 332:323-329 
(1988); and Presta, Curr. Oo. Struct Biol. 2:593-596 (1992)1. 

Methods for humanizing non-human antibodies are weD known in the art. Generally, a humanized antibody has 
one or more amino add residues introduced into it from a source which is non-human. These non-human amino acid 
residues are often referred to as "onport" residues, which are typically taken from an "import" variable domam. 
Humanization can faeessentiaOy performed f oOowing the method of Wint^ and co-woric^ (Jones et at. Nature. 321:522- 

75 



25 



30 



wo 00/68376 PCT/USOO/12370 

525 (1986); Riechmann et at. Nature. 332:323-327 (19B8I; Verhoeyen at aL, Sdenca, 239:1534-1536 0988)1 by 
substituting rodent CDRs or CDR sequences for the corresponding sequences of a human antSiody. Accordingly, such 
"humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), wherein substantially less than an intact 
human variable domain has been substituted by the corresponding sequence from a non-human species. In practice, 
5 humanized antibodies are typically human antiboiSes in which some COR residues and possibly some f R residues are 
substituted by residues from analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art. including phage display 
libraries [Hoogenboom and Winter, J. Mol. Biol.. 227:381 (1991); Marks et aL. J. Mol. Biol.. 222:581 (1991)J. The 
technhjues of Cole et al and Boemer et aL are also available for the preparation of human monoclonal antibodies (Cole et 

10 a!., Monoclonal Antibodies and Cancer Theranv. Alan R. Uss, p. 77 (1985) and Boemer et aL, J. hnmunoL. 147(1) :8B»95 
(1991)1 Simaarly, human antibodies can be made by introducing of human immunoglobulin loci into transgenic animals, 
e.g., mice in which the endogenous immunoglobulin genes have been partially or completely inacthrated. Upon challenge, 
human antibody production is observed, which closely resembles that seen in humans in all respects, inchjding gene 
rearrangement assembly, and amfliody repatoire. TWs approach is described, for example, in U.S. Patent Nos. 5,545,807; 

15 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the foUowing scientific publications: Marks et aL 
BipfTechnoloqyia 779783 (1992); Lonberg etal^ j^we 368 856-859 (1994); Morrison, Nafim 368, 812-13 (1994); 
FishwiU Bt aL Nature Biotechnology 14, 845-51 (1996); Weuberger. Nature Blotechnolonv 14. 826 (1996); Unb^ and 
Huszar, Intem. Rev, hnmunol, ^3 65-93 (1995)- 



20 4. BispeciflcAntihndigs 

Bispecif ic antibodies are monoclonal, preferably human or humanized, antSiodies that have binding specificities 
for at least two different antigens. In the present case, one of the bniding specificities is for the CHEPO, the other one 
is for any other antigen, and preferably for a cell-surface protein or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant production of 

2 5 bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light chain pairs, where the two 

heavy chains have different specificities (Milstein and CueHo, Nature. 305:537-539 (1983)]. Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential mixture of ten 
different antibody molecules, of which only one has the correct bispedfic structure. The purification of the correct 
molecule is usuaDy accomplished by affinity chromatography steps. Similar procedures are disclosed in WO 93/08829, 

3 0 published 13 May 1993, and in Traunecker et aL, EMBO J.. J0:3655-3659 (1991). 

Antibody variable domains with the desired bindmg specificities (antibody-antigen combining sites) can be fused 
to immunoglobufin constant domain sequences. The fusion preferably is with an immunoglobulin heavy-chain constant 
dom^n, comprising at teast part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant 
region (CHI) containing the site necessary for light-chain bmding present in at least one of the fusions. DNAs encoding 
35 the immunoglobulin heavy-chain fusions and, if desffed, the immunoglobulfh fight chain, are mserted into separate 
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expression vectors, ami are co-transfected brto a stritaUe host organism. For furtlw details of generatiiq bispecifn: 
antibodies see, for example, Suresh at aL, Methods in Enwrnah^ 121:210 (1986). 

Accordino to another approach described in WO 96/2701 1, the interface between a pair of antibody molecules 
can be engineered to maximize the percentage of heteroibners which are recovered from recombinant cell culture. The 
5 preferred interface comprises at least a part of the CH3 region of an antibody constant domain. In tins method, one or 
more smaO amino add side chains from the interface of the first artibody molecale are replaced with larger side chains 
{e.g. tyrosine or tryptophan). Compensatory cavities of idoitical or sbniar size to the la^e side chanis) are created on 
the interface of the second antibody molecule by replacing large amino acid side cha'ms with smaller ones (e.g. alanine or 
thrrarane). This provides a mechanism for increasing the yield of the heterodimer over other unwanud emi-products such 
10 as homodimers. 

Bispecific antibodies can be prepared as fuD lerqth antibodies or antibody fragments (B.g. Fjab )j bispecific 
antawifies). Techniqnes for generating bispecific antibodies from antibody fragments have been described m the Oteratura 
For exanqile, bispedfie antaioifos can be prepared can be prepared using chemical linkage. Bremian er a/., Srience 229:81 
(1985) describe a procedure whereoi intact antibodies are proteolytlcally cleaved to generate F(ab ), fragments. These 

15 fragments are reduced in the presence of the dithnl complexing agent sodium arsenite to stabilize vicinal dithiols and 
prevent mtermolecular disulfide formation. The Fab fragments genmted are then converted to thionHrobenzoate (TNB) 
derivatives. One of the Fab -TNB derivatives a then recomrerted to the Fab thiol by reduction with mercaptoethylamine 
and is mixed with an eqdimoiar amount of the other Fab -TNB derivatwe to form the bispecific antibody. The bispedfie 
antibodies produced can be used as agents for the selecthn nnmobnization of enzymes. 

20 Fab frapents may be (Erectly recovered from £ eoB and chemically coupled to form bispedfie antibodies. 

Shalaby et^. J,txp,Mgd. 175:217-225 (1992) descrSn the production of s fuDy hunanized bispecific antibody Rab ), 
molecule. Each Fab fragment was separatdy secreted from £e«tf and siAjected to dkeeteddiemicdcouprmg/wrtnr 
to form the Irispedffa: antibody. The bispecific antibody thus formed was aUe to bind to ceHs overexpressing the ErbB2 
receptor and normal human T ceUs. as well as trigger the lytic activity of human cytotoxic lymphocytes against human 

25 breast tumor targets. 

Various tedmique for mak'mg and isolating bispedfie antibody fragments directly from recombfaiant ceU odture 
have also been descrfliei For example, bispedfie antiboifies have been produced uang leudne zippers. Kostefaiy BtaL. 
JJmnamgL 148I5):1547-1553 (1992). The leudne zipper peptides from the Fos ami Jun proteins were inked to the Fab 
portions of two different antibodies by gene fusion. The antibody homodimers were reduced at the hbige region to form 

3 0 monomers and then re^ixidized to form the antibody heterodimers. This method can also be utiBzed for the production of 
antibody homodimers. The diabody tedimilogy descrfted by HollingBr as/.. Proc. Natl. Acad. Sri. USA 9D:6444-fiddB 
(19931 has provided an alternative mechanism for making bispecific antibody fragments. The fragments comprise a 
heavy-chain variable domain (VJ comiected to a light diain variable domain (VJ by a Hnker which is too short to aDow 
pairing between tin two domains on the same diain. Accorcfingly, the Vh and domains of one fragment are forced to 

35 pair with the conqriementary Vi and Vm domains of another fragmait thoeby fanning two antigen^iimfing sites. Another 
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strategy lor making bispedfic antibody fragmams by the use of sti^leH:hain Fv (sFv) dimers has also been reported. See, 
Gruber etal., IfanmunoL 152:5368 (1994). 

Antibodies with more than two valencies am contonplated. For exampte, trispectfic antibodies can ba prepared. Tutt et 
a/., J. immunoL 147:60(1991). 

5 Exemplary bispecific antibodies may bind to two different epitopes on a ghren CHEFO polypeptide herein. 

Alternatively, an anti-CHEPO polypeptide arm may be combined with an ami which binds to a tr^gering molecule on a 
leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for IgG (Fc R), such as Fc Rl 
(CD64h Fc Rll (CD32) and Fc Rill (CD1 6) so as to focus cellular defense mechanisms to the ceU expressing the particidar 
CHEPO polypeptide. Bispedfic antibodies may also be used to localize cytotoxic agents to ceOs which express a particular 
10 CHEPO polypeptide. These antibodies possess a CHEPO-binding arm and an arm which binds a cytotoxic agent or a 
radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispedfic antibody of mterest binds the CHEPO 
polypeptide and further binds tissue factor (TF). 



5. Heteroconhiqate Antibodies 

Heteroconjugate antibodies are also within the scope of the present invention. Heteroconjugate antibodies are 
composed of two covalently joined antfiiodies. Such antibodies have, for example, been proposed to target immune system 
ceOs to unwanted cells (U.S. Patent No. 4,676,9801 and for treatment of HIV infection |WQ 91/00360; WO 92/200373; 
EP 03089]. h is contemplated that the antibodss may be prepared bi vitro using known methods in synthetic protein 
diennstry, including those invohring crossGnkmg agents. For example, immunotoxins may be constructed usbig a cfisulfide 
exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose mdude iminottnolate am! 
methyl-4^ercaptobutyranidate and those disdosed, for example, in U.S. Patent No. 4,676,98a 

6. Effector Function Enoineerinq 

It may be desirable to modify the antOiody of the invention with respect to effector function, so as to enhance, 
e.g., the effectweness of the antOiody m treating cancer. For example, cysteine rssiduefs) may be introduced into the Fc 
region, thereby allowing interchain diailfide bond formation m this region. The homodbneric antibody thus generated may 
have improved internalization capabrity ami/or increased compiemem-meifiated ceO kHfing and antbody-depoident ceOtdar 
cytotoxicity (ADCC). See Caron et aL, J. Exp Med., ITg: 1191 1 1 95 (1992) and Shopes, J.fanmunoL 148: 2918-2922 
11992). Homodimeric antibotfies with enhanced anti-tumor activity may also be prepared using heterobifunctional cross- 
linkers as described in Wolff etal. Cam:er Researdt, 53: 2560.2565 (1993). Alternatively, an antibody can be engmeered 
that has dual Fc regions and may tiiereby have enhanced complemeot lysis and ADCC capabilities. See Stevenson et a/, 
Anti-Cancer Drun Design, 3: 219-230 (1989). 
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7. irreminoconiimates 
The Invention also pertains to immunoconjuoates comprising an antibody conjugated to a cytotoxic agent such 
as a chemotherapeutic agent, toxin (a;., an enzymaticaOy active toxin of bacterial, fungal, plant, or animal origin, or 
fragments thereof), or a radioactive isotope V,e^ a radioconjugate). 
5 Chemotherapeutic agents useful in the generation of such ownunocoijugates have besi described above. 

EnzymaticaOy active toxins and fragments tfiereof diet can be used include diphtheria A chaia noidnrafing active f r^ems 
of diphtheria toxin, exotoxin A chain (from Pseudomnas aerugmsal ricin A chain, abrin A chain, modeccm A chain, 
aIpha-sarcin,^/i?[ff«r«/OTB^ proteins, dianthin proteins, Phytolaca am&kana proteins (PAR, PAPII, and PAP-Sl momordica 
charantia inhibitor, curc'm, crotin, sapaonaria officinalis inhibitor, gelonin, mitogelfin, restrictocin, phenomycin, enomycin, 

1 0 and tiie tricotheceies. A variety of radionuclides are available for the production of radioconpigated antibodies. Examples 
include "^Bl and'^e. 

Conjugates of tiie antibody and cytotoxic agent are made using a variety of bifunctional protein-coupling agents 
such as N-succinimidyl-3-{2-pyridyldithiol) propionate (SPDP), iminothioiane (IT), bifunctional derivatives of imidoesters 
(such as dbnethyt adipimidate HCU, acthre esters (such as disucclnimidyl suberate), aldehydes (such as glutaraldehyde), 

15 bis-azido compounds (such as bis (p-azidobenzoyi) hexanediamine), bis-diazonium derivatives (such as bis-(p- 
(fiazaniumbenzoyl)^thyienediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds 
(such as 1,5*difluoro-2,4-ifinitrobenzene). For example, a ricin onmunotoxin can be prepared as described in Vitetta etaL, 
Sgaise. 2S8: 1 098 (1987). Carbon-14-labeled 14sothiocyanatobenzyi-34netiiyldiethylene ^aminepentaacetic add (MX- 
OtPAl is an exemplvy chelating ageiit for conjugation of radionucleotide to the antSrady. See W094/1 1026. 

20 In anotii^ emboibnent, the antOiady may be corrugated to a "receptor" (such streptavidm) for utiGzatum in tumor 

pretargeting wherein tiie antibody-receptor conji^ate is administered to the patient, followed by removal of unbound 
conjugate from the circulation using a clearing agent and then administration of a "ligand" \fi.g^ avidin) tiiat is conjugated 
to a cytotoxic agent \iB.g., a radionucleotide). 



25 8. ImmunoRDOsomes 

The antibodies ifisdosed herebi may also be formulated as bnmuno^osontts. I^iosomes containmg tiie aitibody 
are prepared by metfiods known in tiie art such as descrited in Epstdn et^ ProcNati,AcaiScLUSA. 82: 3688 (1985); 
Hwang ef al. Proc. Natl Acad. Sci. USA, 7Z: 4030 (1980); and U.S. Pat Nos. 4,485,045 and 4,544,545. Liposomeswitii 
enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

3 0 Particularty useful fiposomes can be generated by tiie reverse^jhase evaporation metiiod witii a E|rid compositnm 

comprismg phosphatidyldioline, cholesterol, and PEG-derwatized phosphatidylethanolamine (PEG-PE). liposomes are 
extruded through filters of defined pore size to yield liposomes with the da^ed diameter. Fab' fragments of tfie antibody 
of the present invention can be conjugated to tiie liposomes as described in Martin g^a/., J. Biol. Chem.. 257 : 286-288 
(1982) via a disulfide-interdiange reaction. A chemotiiffapeutic agent (such as Doxorubicin) is optionally contained witiiin 

35 theliposome. See Gabizongfa/.. J. National Cancer tnst.. ai(19h URA ngnm 
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9. Pharmaceutical Compositions of Antibodies 

Antibodies spedficaily binding a CHEPO polypeptide identified hem as well as other molecules identified by 
the screening assays disclosed hereinbefore, can be administered for the treatment of various disorders in the fomi of 
pharmaceutical compositions. 

If the CHEPO polypeptide is intracellular and whole antibodies are used as inhibitors, internalizing antibodies are 
preferred. However, lipof ections or liposomes can also be used to deliver the antibody, or an antibody fragment, into cells. 
Where antibody f ragmems are used, the smallest inhibitory fragment that specifically binds to the binding domain of the 
target protein is preferred. For example, based upon the variable-region sequences of an antibody, peptide molecules can 
be designed that retain the ability to bind the target proton sequence. Such peptides can be synthesized chemically and/or 
produced by recombinant DNA technology. See, e.^., Marasco et bL, Proc. Natl. Acad. Sci. USA. 90: 7889-7893 
( 1 993). The formulation herein may also contam more than one actwe compound as necessary for the particular indication 
being treateiL preferably those with complementary activities that do not adversely affect each other. Altemathrely, or 
in addition, the composition may comprise an agent that enhances its function, such as, for example, a cytotoxic agent 
cytokine, chemotherapeutic agent or growth-inhibitory agent Such molecules are suitably present in combination in 
amounts that are eff ectnre for the purpose Intended. 

The active ingredients may also be entrapped in microcapsules pr^ared, for example, by coacervation techniques 
or by mterfadai polymerization, for example, hydroxymethylcdiuiose or gelatin^crocapsutes and poly-lmethybnethacylatel 
microcapsules, respectively, in colloidal drug delhrery systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles, andnanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences, sim/g. 

The formulations to be used for m mo administration must be sterile. This is readily accomplished by filtration 
through sterile filtration membranes. 

Sustained-release preparations may be prepare! SuitaUe examples of sustained-release preparations mdude 
semipermeable matrices of solid hydrophobic polymers containmg the entibody. whnrh matrices are in the fomi of shaped 
articles, e.g^ films, or microcapsules. Examples of sustained-release matrices incfaide polyesters, hydrogds (for example, 
polytZ-hydroxyethy^methacrylate), or poly{vinylalcohol)), polylactides (U.S. Pat No. 3,773,919), copolymers of L-glutamic 
acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such 
as the LUPRON DEPOT ™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), 
and poly-0-l-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable 
release of molecules for over 100 days, certain hydrogels release proteins for shorter time periods. When encapsulated 
antibodies ranain in the body for a long time, they may denature or aggregate as a result of exposure to moisture at 37 C, 
resulting in a loss of biological acthrity and possible changes in immunogenicity. Rational strategies can be devised for 
stabiTization depending on the mechanism invohred. For example, if the aggregation mechanism is discovered to be 

80 



wo 00/68376 PCTAJSOO/12370 

mtennolecular S-S bond formation through thuHlisulfide interchange, st^iBzation may be adueved by modifying sitlfhydryl 
residues, lyophifizing from acidic sofaitions, controISng nunsture content using appropriate additives, and developing specific 
polymer matrix compositions. 

G. Uses for anti>CHEPO Antibodies 
5 The anti-CHEPO antibodies of the invention have various utilities. For example, anti-CHEPO antibodies may be 

used in (fiagnostic assays for CHEPO, e,g„ detecting its expression bi specific cells, tissues, or serum. Various cfiagnostic 
assay techniques known in the art may be used, such as competitive binding assays, direct or inifirect sandwich assays 
and Bnmunoprecipitation assays conducted in ather heterogeneous or hwnogeneous phases [Zola, Monoclonal Antibodies: 
AManualofTechniquBs, CRC Press, Inc. 11987) pp. 147-158]. The antibodies used m the diagnostic assays can te labeled 

10 with a detectable moiety. The detectable moiety should be capable of produdng, either directly or indirectly, a detectable 
s^naL For example, the detectable moiety may be a radioisotope, such as 'H, ^*C, '^P, ®S, or ^^1, a fluorescent or 
chemihmiinesant compound, such as fluorescein isothiocyanate, rhodamine, or luciferin, or an enzyme, such as alkafine 
phosphatase^ beta-galactosidase or horseradish peroxidase. Any method known in the art for conjugat'mg the antibody 
to the detectable moiety may be ^ptoyed, mchiding those methods described by Hunter et aL, Nature. 144:945 (1 962); 

15 Davni et aL, Biochemistry, 13:1014 |1974fc Pain et aL, J. hrommoL Meth.. 40:219 (1981); and Nygren, J. Histochem. and 
CxtSElML 28:407 (1982). 

Anti-CHEPO antibodies also are useful for the affinity purification of CHEPO from reconAinant ceH culture or 
natural sources, bi this process, the aiitifaodies against CHEPO are immobffized on a suitable support, such a Sephadex 
resm or fflter paper, using methods well known m the art The immobOized antibody tten is contacted with a sample 

20 containing the CHEPO to be purified, and thmafter the support is washed with a suitable sohrent that wiD ranove 
substantially all the material in the sample except the CHEPO, which b bound to the immobHized antibody. Fmally, the 
support is washed with another suitable sohrent that will release the CHEPO from the antibody. 

The following examples are offered fw iBustrative piffposes only, and are not intended to fimit the scope of the 
present invention in any way. 

25 All patent and literature references cited in the present specification are hereby mcorpormed by refmnce in their 

entirety. 

EXAMPLES 

Commercially available reagents referred to in the examples were used according to manufacturer's instructions 
^ 30 urdess otherwise indicate! The source of those ceils identifiKl in the following examples, and throughout the spedficatraii, 
by ATCC accession numbers is the American Type Culture CoUection, Manassas, VA. 
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EXAMPLE 1 
Isolation of NdcIbc Arid Enco(fino CHEPD 
Genomic DMA was isolated from two chimpanzee cell Enes (ATCC CRL1609 and CRL1857) using a Qiagen lot 
(cat#10262) as recommended by the manufacture's instructhms. The chimp Epo gene was then obtained on 3 separate 
5 fragments by PGR using 1 g of genomic DNA as templete and the following primer pairs: 
EPOJ: 5'»ACCGCGCCCCCT6GACAG-3' (SEQIDN0:12) 
EPO,iNTl.R: 5'-CATCCACnCTCC6GCCAAACnCA-3' (SEQ ID NG:13} 

EP0.INT1F : S'-nTGGCCGGAGAAGTGGATGC-S' (SEQ ID N0:14) 
10 EP0.1NT4R: B'TCACTCACTCACTCATTCAnCAnCAnCAS' (SEQ ID N0:15) 

EPDJNT4F : y-GTTGAATGAATGAnGAATGAATGAGTGAS' ISEQ ID N0:16) 
EPOR: 5* GCACTGGA6TGTCCATG6GACAG-3' (SEQ ID N0:1 7) 

15 Each PGR reaction contained 5 1 of lOx PGR Buffer (Perkin Elmer), 1 1 dNTP {20mM), 1 g genomic DNA. 1 1 of 

each primer, 1 1 of Taq polymerase (Ctontech) and HjO to bring the total volume to 50 1. The reaction was first denatured 
f or 4 mia at 94 C then m^wA for 40 cycfes of 1 min. at 84 C, 1 min. at 65 C or 68 C tten extended for 1 min. at 72 C. 
A last extensbn step of 5 min. at 72 C was performed. The reaction was then analyzed on agarose gel. PGR product of 
SOObp, 1200bp and 750bp were observed for each PGR product respectively. The PGR reactions were tiien purified using 

20 a Wizard kit (Promega cat § A7170) then directiy sequenced. DNA sequencing of the PGR products was done using an 
Applied Biosystems 377 DNA Sequencer (PE/Applied Biosystems. Foster City. GA). The chemistry used was DYE 
Temunator Cycle Sequencing witii dRhodamine and BIG DYE terminators (PE/Applied Biosyst»ns. Foster City, CA). 
Sequence assembly and editing done with Sequencher software (Gene Codes, Ann Arbor, Ml). 

The 5 coding exons were identified by homology with tiie human erythropoietin sequence and assembbd into a 

2 5 predicted fufl lei^tii cDNA. The coding region of CHEPD cDNA is 579 nucleotides tong (Figure 1 ) and encodes a predicted 

protein of 193 amino acids (Figure 3). There are 3 putative spal cleavage sites preiGcted after amino add residue 22, 24 
and 27. In accordance with the N-terminus of human Epo, the latest one is Gkely to correspond to the cleavage site for 
chimp Epo. The hydrophobic 27 amino ac'ul signal peptide is foDowed by a 166 amino add long mature protan containing 
3 potential N-glycosylation sites. A single nudeotide polymorphism is present in tiie predicted sequence obtained from 

3 0 CRLl 609 and dianges the protein sequence at amino add position 142 from a Q to a K. Afigranoit of tfie dsmp Epo pratan 

witii tiie human sequence indicates a single change at amino acid position 84 (F^ure 3). 

EXAMPLE 2 
Use of CHEPO cDNA as a hybridization probe 
35 The following metiiod describes use of a nudeotide sequence encoding CHEPD as a hybridization probe. 



82 



wo 00/68376 PCTAJSOO/12370 

DNA comprising the coding sequence of fuIMength or mature CHEPO (as shown in Hgure Z SEQ ID N0:3) is 
employed as a probe to scmn for homologous DNAs (such as those encoding naturally-occurring variants of CHEPO) in 
human tissue cONA libraries or human tissue genomic libraries. 

Hybridization and washing of fflters containing either library DNAs is performed under the following high 
5 stringency conditions. Hybridsation of radiolabeled CHEPO-derived probe to the filters is perfumed in a solution of 50% 
fomiamide, 5i SSC, 0.1% SOS, 0.1% sodium pyrophosphate, 50 mM sodium phosphate, pH 6,8, 2x Denhardfs sohition, 
and 10% dextran sulfate at 4?C for 20 hours. Washing of the filters is performed m an aqueous sohition of 0.1x SSC and 
0.1%SDSat4?C. 

DNAs having a desired sequence identity with the DNA encoding fulNength native sequence CHEPO can then be 
1 0 identified using standard techniques known in tiie art 

EXAMPLES 
Expression of CHEPD in E toS 
This example illustrates preparation of an unglycosylated form of CHEPO by recombinant expression in £ coff, 
15 The DNA sequence encoding CHEPO (SEQ ID N0:3) is initially amplified using selected PCR primers. The primers 

should contam restriction enzyme sites virhich correspond to the restriction enzyme sites on tiie selected expression vector. 
A variety of expression vectors may be employed. An example of a suitable vector is pBR322 (derived from £ coff; see 
Bofoar et al., 6en§, 2:95 (1977)) which contains genes for amptcillm and tetracycline resistance. The vector is (figested 
wrtfi restriction enzyme and dephosphorylated. The PCR amplified sequences are tiien ligated into the vector. The vector 
20 w9 preferably incbito sequences which encoife for an antibiotic resistance gene, a trp promoter, a polyMs leader Onchiding 
the first six Sm codons, polyhis sequence, and enterokinase cleavage site), tiie CHEPO coding region, lambda 
transcriptional termmator, and an argU gene. 

The ligation mbcture is tfien used to transform a selected £ coff suain using tiie methods described m Sambrook 
et al., sugra. Transf ormants are identified by their ability to grow on LB plates and antibiotic resistant colonies are then 

2 5 selectel Plasmid DNA can be isolated and confirmed by restriction analysis and DNA sequencing. 

Selected dones can be grown overnight in Equid culture medium such as LB brotii sup|fanent«i witii antibiotics. 
The overnight culture may subsequently be used to inoculate a larg^ scale culture. The ceDs are tiien grown to a desved 
optical density, during which the expression promoter is turned on. 

After culturing tiie ceils for several more hours, the cells can be harvested by centrifugation. The cell pellet 

3 0 obtained by the centrifugation can be solubiOzed using various ag«its known in tiie aa and tfie sohibilized CHEPO protem 

can tiien be purified using a metal chelating cohmm under conditions that allow tight binding of tfie protein. 

CHEPO may be expressed in £ coff in a poly-His tagged form, using tite f oUowing procedure. The DNA encoding 
CHEPO is initiaily amplified using selectaJ PCR primers. The primers wiB contain restriction enzyme sites which correspond 
to tiie restriction enzyme sites on tiie selected expression vector, and otiier useful s«iuences providing for efficient and 
3 5 refiaUe translation initiation, rapid purification on a metal chelation column, and proteolytic removal witii enterokinase. 
The PCR-ampfified, poly-His tagged sequences ara tiien Egated into an expression vector, virtiich is used to transform an 
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£ coff host basoi on strain 52 (W31 10 fuhAftonA) Ion galE rpoHts(htpRts) ctpPPaclq). Transformants are first grown in 
LB containing 50 mg/ml carfaenidlTm at 30 G with shakmg untO an 0J).600 of 3-5 is reached. Cultures are then dOuted 
50-100 fold into CRAP media {prepared by mixing 3.57 g (NHASO4, 0.71 g sodium citrate 2H20, 1.07 g KCl 5.38 g Difco 
yeast extract 5.36 g Sheffield hycase SF in 500 mL water, as weU as 1 1 0 mM MPOS, pH 7.3, a55% (wfvl ghicose and 
5 7 mM MgSOJ and grown for approxwnately 20-30 hours at 30 C with shaking. Samples are removed to verify expression 
by SDS-PAGE analysis, and the bulk culture is centrifuged to peHet the cells. Cell peHets are frozen until purifotnin and 
refolding. 

£ coB paste from 0.5 to 1 L fermentations 16-10 g pellets) is resuspended in 1 0 vohmtes (w/v) in 7 M guaniifine, 
20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium tetrathionate Is added to make final concentrations of 0.1 M 

1 0 and 0.02 M, respectively, and the solution is stbred overnight at 4 C. This step results in a denatured protein with all 
cysteine residues blocked by sulfitolization. The sohition is centrifuged at 40,000 rpm in a Beckman Ultracentifuge for 30 
min. The supernatant is diluted with 3-5 vohimes of metal chelate column buffer (6 M guanidine, 20 mM Tris, pH 7.4) and 
filtered through 0.22 micron fBters to clarify. The clarified extract is loaded onto a 5 ml Oiagen Ni-NTA metal chelate 
cohjmn equilibrated in the metal chelate column buffer. The column is washed with additional buffer containing 50 mM 

15 imidazole (Calbiochem, Utrol grade), pH 7.4. The protein is eluted with buffer conta'ming 250 mM imidazole. Fractions 
containing the desired protein are pooled and stored at 4 C. Protein concentration is estimated by its absorbance at 280 
nm using the calculated extinction coefficient based on its amino acid sequence. 

The proteins are refolded by diluting the sample slowly mto freshly prepared refolding buffer consisting of: 20 
mMTris,pH8.6, 0.3 MNaCU5M urea, 5 mMcysteme, 20 mM glycine and ImMEDTA. Refolding volumes are chosen 

20 so tiiat the final proton concentratron is between 50 to 1 00 microgramsfmL The refolding sohition is stirred genfly at 4 C 
for 12 36 hours. The refoldmg reaction b quenched by the addition of TFA to a final concentration of 0.4% (pH of 
approximately 3). Before furtiier purification of tiie protein, tiie solution is filtered through a 0.22 micron filter and 
acetonitrile is added to 2-10% final concentration. The refolded protein is chromatographed on a Poros Rl/H reversed 
phase column us'mg a mobile buffer of 0.1% TFA witii elution witii a gradient of acetonitrile from 10 to 80%. Aliquots 

25 of fractions with A280 absorbance are analyzed on SOS polyacrylamUe gels and fractions contaming homogeneous 
refolded protein are pooled. Generally, tiie properly refoMed species of most proteins are eluted at tiie lowest 
concentrations of acetonitrilB since those species are the most compact with tiiar hydrophobic interiors shteMed from 
interaction whh tiw reversed phase resin. Aggregated species are usually eluted at higher acetonitrHe concentrations. In 
addition to resolving misfolded forms of proteins from tiie desired fomi the reversed phase step also removes endotoxm 

30 from the samples. 

Fractions containing tiie desired folded CHEPD polypeptide are pooled and tiie acetonitTile ranoved usmg a gentie 
stream of nitrogen directed at the solution. Proteins are formulated into 20 mM Hopes, pH 6.8 with 0.14 M sodium 
chloride and 4% mannitol by dialysis or by gd filtration using 625 Superfine (Pharmacia) resins equQibrated in tfie 
formulation buffer and sterile fSterel 

35 
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EXAMPLE 4 

Expression of CHfPQ m mammaiian cells 
This example illustrates preparation of a potentially glycosylated form of CHEPO by recombinant expression in 

mammalian cells. 

The vector, pRK5 (see EP 307,247, published March 15, 1989), is employed as the expresaon vector. 
Optionally, the CHEPO DNA is ligated into pRK5 with selected restriction enzymes to allow insertion of the CHEPO DMA 
using rtgation methods such as described in Sambrook et al, sugra. The resulting vector is called pRK5-CHEP0. 

In one embodiment, the selected host ceRs may be 293 cells. Human 293 ceDs (ATCC CCL 1573) are grown to 
confluence in tissue culture plates in mednim such as DMEM supplemented with fetal calf serum and optionally, nutrient 
components and/or antibiotics. About 10 g pRK5-CHEP0 DNA is mixed with about 1 g DNA encod'mg the VA RNA gene 
IThunmappaya et aL, CeH, 31:543 (1982)1 and dssoived in 500 I of 1 mM Tris-HCI, 0.1 mM EDTA, 0.227 M CaCI^ To 
this mbcture is added, dropwise, 500 I of 50 mM HEPES (pH 7.35), 280 mM NaCI, 1.5 mM NaPO^, and a precipitate is 
allowed to form for 10 minutes at 25*0. The precipitate is suspended and added to the 293 cells and allowed to settle 
for about four hours at 37*C. The culture medium is aspirated off and 2 ml of 20% glycerol in TOS is added for 30 
seconds. The 293 cells are then washed with serum free medium, fresh mediimi is added and the ceHs are incubated for 
about 5 days. 

Approximately 24 hours after the transfections, the culture meiSum is removed and refdaced with culture medium 
(alone) or culture medmm containing 200 Ci/nd ^S-cystefaie and 200 Ci/ml ^S methionine. After a 12 hour incubation, 
the conditioned meiSum is coDectedr concentrated on a s|»n filter, and loaded onto a 1 5% SOS gel The processed gri may 
be dried and exposed to fibn for a selected period of time to reveal the presence of CHEPO polypeptide. The cultures 
containing transf acted cells may undergo further mcubation (in serum free medium) and the medium is tested in sdected 
bioassays. 

In an alternative technique, CHEPO may be introduced into 293 cefls transiently using the dextran sidf ate meflmd 
described by Somparyrac et al., Proc. Natl. Acad. Sci.. 12:7575 (1981). 293 cells are grown to maxnnal density m a 
spinner flask and 700 g pRK5-CHEP0 DNA is added. The ceOs are first concentrated from the spmner flask by 
centrifugation and washed witii PBS. The ONA-dextran precipitate is incidiated on the cell pellet for four hours. The ceils 
are treated with 20% glycerol for 90 seconds, washed with tissue culture medium, and re-introduced into the spinner flask 
containing tissue culture medium, 5 g/ml bovine insuTm and 0.1 gjmt bovine Uansferrin. After about four days, tiie 
conditioned media is centrifuged and filtered to remove cells and debris. The sample containing expressed CHEPO can im 
be concentrated and purified by any selected method, such as ifialysis and/or cobimn chromatography. 

In another embodiment CHEPO can be expressed in CHO cells. The pRK5-CHEP0 can be transfected into CHO 
cells using known reagents such as CaPOi or DEAE-dextran. As described above, the cefl cultures can be incubated, and 
the meifium replaced with cidture medium (alone) or medium containing a radiolabel such as ^-metiiionine. After 
determining tiie presence of CHEPO polypeptide, the culture me(&im may be replaced witii serum free medium. Preferably, 
tiie cultures are incubated for ^out 6 days, and then the conditioned medium is harvested. The medmm containing the 
expressed CHEPO can then be concentrated and purified by any selected method. 
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Ephope-tsgged CHEPO may also be expressed in host CHO cells. The CHEPO may be subdoned out of the pRK5 
vector. The subclone insert can undergo PCR to fuse in frame whh a selected epitope tag such as a poly-his tag into a 
Baculovlrus expression vector. The poly-his tagged CHEPO insert can then be subdoned into a SV40 driven vector 
containing a selection marker such as DHFR for selection of stable clones. Rnally, the CHO ceOs can be transfected (as 
5 described above) with the SV40 driven vector. Labefing may be perfonned, as described above, to verify expression. The 
culture medium containing the expressed poly-His tagged CHEPO can then be concentrated and purified by any selected 
method, such as by NF^-chelate affuiity diromatography. 

CHEPO may also be expressed in CHO and/or COS cells by a transient expression procedure or m CHO ceBs by 
another stable expression procedure. 
1 0 Stdile expression m CHO ceDs is performed using the following procedure. The protens are expressed as an IgG 

construct (immunoadhesink in which the coding sequences for the soluble forms (e.g. extracellular domains) of the 
respect'we proteins are fused to an IgGI constsnt region sequence contahnng the hinge, CH2 and CH2 domains and/or is 
a poly-His tagged form. 

Following PCR amplification, the respective DNAs are subcloned in a CHO expression vector using standard 
15 techniques as described in Ausubel et aU Current Protocnb o f Molecular Bjolmiv. Unit 3.16, John WQey and Sons (1997). 
CHO expression vectors are constructed to have compatble restriction sites 5 and 3 of the DMA of mterest to aDow the 
conveiuent shuttling of cDNA s. The vector used expression in CHO ceBs is as described in Lucas et al.. Wucl Acids Res. 
243 11774-1779 (1996), and uses the SV40 earty promoter/enhancer to drive expression of the cONA of mterest and 
dihydrofolate reductase (DHFR). DHFR expression permits selection for stable maintenence of the plasmid following 
20 transfection. 

Twelve micrograms of the desired plasmid DNA is introduced into approximately 10 milion CHO ceHs using 
commercially avanable transfection reagents Superf ect (Quiagen), Dosper or Fugene (Boehringer Mannheim). The cells 
are grown as described in Lucas et al.. syaa. Approximately 3 x 10' cells are frozen in an ampule for further growth and 
production as described below. 

25 The ampules containing the plasmid DNA are thawed by placement into water bath and imxed by vortexing. The 

contents are pipetted into a centrifuge tube containing 10 mLs of media and centrifuged at 1000 rjHn for 5 minutes. The 
supernatant is aspirated and the cells are resuspended in 10 mL of selective media (0.2 m filtered PS20 with 5% 02 m 
diafihered fetal bovine serum). The cells are then aliquoted into a 100 mL spinner containing 90 mL of selective media. 
After 1-2 days, the ceDs are transferrwJ into a 250 mL spinner filled with 150 mL selective growth medium and incubated 

30 at 37"C. After another 2-3 days, 250 mL, 500 mL and 2000 mL spinners are seeded with 3 x 1 0^ ceOs/mL The cell n»dia 
is exchanged with fresh media by centrifugation and resuspension in production medium. Although any suitable CHO media 
may be employed, a production medium described in U.S. Patent No. 5,12Z469, issued June 16, 1992 may actually be 
used. A 3L production spinner is seeded at 1.2 x 10^ cellsftnL On day 0, tiie ceil raimber pH ie determined. On day 1, tiie 
spinner is sampled ami sparging widi filtered ar is con!mera:el On day 2, tiie spiraier is sampled, tiie tanperature shifted 

35 to 33X. and 30 mL of 500 g/L ghicose eml 0.6 mL of tO% antifoam (e.g., 35% potydimetiiytsiloxane emulsion, Dow 
Commg 365 Medical Grade Emulsmn) taken. Throughout the production, the pH is adjusted as necessary to keep it at 
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around 7.2. After 10 days, or until the viabaity dropped below 70%, the cell culture is harvested by centrifugation and 
fBtering through a 022 m fDter. The filtrate was either stored at 4*C or immediately loaded onto columns for purification. 

For the poly-His tagged constructs, the proteins are purified using a Ni-NTA column (Qiagen). Before purification, 
imidazole is added to the conditioned meifia to a concentration of 5 mM. The conditioned me(fia is pumped onto a 6 ml Ni- 
5 NTA column equifibrated in 20 mM Hepes, pH 7.4, buffer containing 0.3 M NaCI and 5 mM iiradazole at a flow rate of 4-5 
mifmin. at 4°C. After loading, the column is washed with additional equilibration buffer and the protein eluted with 
equifibration buffer containing 0.25 M imidazole. The highly puiifmd protein is subsequently desalted into a storage buffer 
containing 10 mM Hepes, 0.14 M NaCl and 4% mannitot, pH 6.8, with a 25 ml G25 Superf'me (Pharmacia) cohrnin and 
stored at -80%. 

1 0 Immunoadhesin (Fc-containmg) constructs are purified from the conditioned media as follows. The conditioned 

medium is pumped onto a 5 ml Protein A cohmm (Pharmacia) winch had been equflibrated in 20 mM Na phosphate buffer, 
pH 6.8. After loading, the cohimn is washed extenshrely with equiGbration buffer before elution with 100 mM citric add, 
pH 3.5. The eluted protein is bnmediateiy neutrafized by collecting 1 nd fractions into tubes contanmg 275 L of 1 M Tris 
buf f pH 9. The highly purified protein is siAsequently desalted into storage buffer as described above for the poly-His 

1 5 tagged proteins. The homogeneity is assessed by SDS polyacrylamide gels and by N term'mal amino acid sequencing by 
Edman degradation. 



E)(AMPIE5 
Exoression of CHEPD In Yeast 
20 The f oflowing method describes recombinant expression of CHEPO in yeast 

First, yeast expression vectors are constructed for intracellular production or secretion of CHEPG from the 
ADH2/GAPDH promoter. DNA encoding CHEPO and the promoter is inserted into suitable restriction enzyme sites in the 
selected plasmid to direct intracellular expression of CHEPO. For secretion, DNA encoding CHEPO can be cloned into the 
selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a native CHEPO signal peptide or other 

2 5 mammalian signal peptide, or, for example, a yeast alpha-factor or invertase secretory signal/leader ssjuence, and Giiker 

sequences (if needed) for expression of CHEPO. 

Yeast cells, such as yeast strain AB1 10, can then be transformed with the expression plasmids described above 
and cultured in selected fermentation media. The transformed yeast supematants can be analyzed by precipitation with 
10% trichloroacetic acid and separation by 5DS-PAGE. followed by staining of the gels with Coomassie Blue stain. 

3 0 Recombinant CHEPO can subseqimntly be isolated and purified by removing the yeast cells from the fermentation 

meiSum by centrifugation and then concaitrating the meifium using selected cartridp filters. The concentrate containing 
CHEPO may further be purified using selected column chromatography resins. 

EXAMPLE 6 

35 Expression of CHEPO m Baodovirus lnfected Insect Cells 

The following method desaibes recomUnant expression of CHEPO in Bandovirus-inf acted iasecx ceDs. 
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The saiuence coitng for CHEPO is fused upstream of an epitope tag contamed within a bacuiovirus expression 
vector. Such epitope tags mchids poly-his tags and BnmunogtobuGn tags fiM Fg regioi» of IgG). A variety of pbsmids may 
be employed, including plasmids derived from commercially available plasmids such as pVL1393 (Novagen). Briefly, the 
sequence encoding CHEPO or the desired portion of the coding sequence of CHEPO such as the sequence encoifing the 
5 extraceOular domain of a uansmembrane protein or the sequence encoding the matwe protein if the protdn Is extraceDulff 
is amplified by PCR with primers complanentary to the 5* and 3' regions. The 5' prmer may incorporate flanking (selected) 
restriction enzyme sites. The product is then digested with those selected restriction enzymes »sd subcloned hito the 
expression vector. 

Recombinant bacuiovirus is generated by co-transfecting the above plasmid and BaculoGold™ virus DNA 
10 (PharmingenI into Spodoptera frugiperda rSfB") ceils (ATCC CRL 1711) using lipofectin (cammerciaOy available from 
GIBCO-BRU. After 4 • 5 days of incubation at 28*C. the released viruses are harvested ami used for further amplifications. 
Viral mfection and protein expression are perf omied as described by O'Reilley et al., Bacuiovirus eioression vectors: A 
Laboratorv Manual. Oxford: Oxfard UnhfPjrjtify Prptt (iqqa) 

Expressed poly-his tagged CHEPO can then he purified, for example, by NP^ chelate affinity chromatography as 
15 follows. Extracts are prepared from recombinant virus-infected Sf9 ceDs as described by Rupert et aL, Nature, 362:1 75- 
179 (1 9931. Briefly, Sf9 cells are washed, resuspended in sonication buffer (25 mL Hepes, pH 7.9; 1 2.5 mM MgCI^; 0.1 
mM EDTA; 10% glycerol; 0.1% MP40; 0.4 M KCD, and sonicated twice for 20 secomb on ice. Tin sonicates are cleared 
by centrifugation, and the supernatant is dHuted 50-foU m loading buffer (50 mM phosphate; 300 mM NaCI, 10% glycerol 
pH 7.8) and filtered through a 0.45 m fiter. A Itf ♦-NTA agarose cohmm (convnerdaOy avaBable from Oiagen) is pr^arral 
20 with a bed volume of 5 mU washed with 25 ml of water and equSbrated with 25 ml of loadii^ buffer. The filtered ceR 
extract is loaded onto the column at 0.5 mL per minute. The cohmm is washed to base&ie with loacfing buffer, at 
which point fraction collection is started. Next the column is washed with a secondary wash buffer (50 mM phosphate; 
300 mM NaCI, 10% glycerol, pH 6.0), which elutes nonspecifically bound protein. After raaching Azeobaseline agam, the 
cohmm is developed with a 0 to 500 mM hnldazole graifient m the secondary wash buffer. One mL fractions are collected 
25 and analyzed by SOS-PAGE ami sSver staining or Western blot with N?*.NTAHUinjugated to alkaline phosphatase (Oiagen). 
Fractions containing the ehited His,o tagged CHEPO are pooted and dialyzed against loading buffer. 

Alternatively, purification of the IgG t^ged (or Fc tagged) CHEPO can be perf onned usiiq known chromatography 
techniques, including for instance. Protein A or protein 6 cohmm chromatography. 

30 EXAMPLE 7 

Preparation of Antibodies that Bind CHFPn 
This example iOustrates preparation of monoclonal antibodies which can specifically bind CHEPO. 
Techniques for producing the monoclonal antibodies are known in the art and are described, for instance, in 
Goding, sugra. lmmum)gens that may be employed iwdude purified CHEPO, fusion proteins containmg CHEPO, and cells 
35 expressbigrecmnbinant CHEPO on the cell surface. Selection of the immunogen can be made by the skilled artisan w^^ 
undue experimentation. 
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Micft such as Balhfc are immunized with the CHEPO immunogai emidsified in complete Freund's adjuvant and 
injected subcutaneousiy or intraperitoneaSy in an amount from MOO micrograms. Altemathrety. the immunogen is 
emulsified in MPL-TDM acQuvant (RiU Immunochemical Research. Hamilton, MT) and injected into the ammal's hind foot 
pads. The immumzed mice are then boosted 10 to 12 days later with additional immunogen emulsified in the selected 
5 adjuvant. Thereafter, for several weeks, the mke may also be boosted with additional nnmunization injections. Serum 
samples may be penoificaOy obtained from the mice by retro-prfartal bleeifing for testing in EUSA essays to detect anti- 
CHEPO antibodies. 

After a suitable antibody titer has been detected, the animals "positive" for antibodies can be injected with a 
fmal intravenous ii^ction of CHEPO. Three to four days later, the mice are sacrificed and the spleen cefls are harvested. 
10 The spleen ceHs are then fused (using 35% polyethylene glycol) to a selected murine myeloma cell line such as 
P3X63AgU.l, available from ATCC, No. CRL 1597. The fusions generate hybridoma cells which can then be plated in 96 
weO tissue culture plates containing HAT (hypoxanthine, aminopterin. and thymidine) medhmi to inhibit proliferation of non- 
fused cells, myeloma hybrids, and spleen cell hybrids. 

The hybridoma ceRs wifl be screened in an EUSA for reactivity against CHEPO. Determination of "positive" 
1 5 hybridoma cells secreting the desired monoclonal antibodies against CHEPO is within the skill in the art 

The positive hybridoma ceils can be injected intraperitoneally into syngeneic Balb/c mice to produce ascites 
containing the anti CHEPO monoclonal antibodies. Aftematnrely, the hybridoma cdls can be grown in tissue cuhure flasks 
or roller botties. Purification of the monoclonal antiboiGes produced m die ascites can be accomplished using ammonhmi 
sulfate predpitetion, followed by gel exchision chromatography. Alternatively, affinity chromatography based upon faimfing 
20 of antibody to protem A or protein 6 can be employed. 

EXAMPLES 

Purification of CHEPO Polvmip tides Usimr Snecific Antibodies 
Nathfe or recombinant CHEPO polypeptides may be purified by a variety of standard techniques in the art of 
25 protein purification. For example, pro-CHEPO polypeptide, mature CHEPO polypeptide, or pre-CHEPO polypeptide is poified 
by Immunoaffinity chromatography using antibodies specific for the CHEPO polypqitidB of interest. In general an 
immunoaffmity column is constructed by covalendy coupling the anti-CHEPO polypeptiife antBiody to an activated 
chromatographic resin. 

Polyclonal immunoglobulins are prepared from immune sera dtiter by precipitation vritii ammonium sulfate or by 
3 0 purification on immobilized Protein A (Pharniada LKB Biotechnology. Rscataway, NJ.I. Likewise, monoclonal antiboifies 

are prepared from mouse ascites fluid by ammonium sulfate precipitation or chromatogrephy on immobHized Protein A. 

Partially purified immunoglobulin is covalently attached to a chromatographic resin such as CnBr-activated SEPHAROSE™ 

(Pharmacia LKB Biotechnology). The antibody is coupled to the resin, tiie resin is blocked, and the derivative resin is 

washed according to the manufacturer's instructions. 
3 5 Such an bnmunoaffinity cohmm is utilized in the purification of CHEPO polypeptide by preparing a fraction from 

cefls containing CHEPO polypeptide in a soluble form. This preparation is derived by solubiOzation of the whole ce» or of 
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a subGeDidar fraction obtained via cBfferaitial centriftigation by the addition of detergent or by other methods wefl known 
in the art Altrnathrely, sohdite CHEPO polypeptide contaming a signal sequence may be secretoi in useful quantity mto 
the medium in which the cells are growa 

A soluble CHEPO polypeptide-containing preparation is passed over the immunoaffinity cohimn, and the column 
5 is weshed under conditions that allow the preferentnl absorbance of CHEPO polypeptide (ff^., lugh ionic strength buffers 
in the presence of datergentl. Then, the cohnrm is duted under conditions that iforupt antibody/CHEPO polypeptide binifing 
lfi.g., a low pH buffer such as approximately pH 21 or a high concentration of a chaotrope such as urea or thiocyanate 
ioni, and CHEPO polypeptide is collected. 

10 EXAMPLES 

DruQ Screening 

This invention is particularly useful for screening compounds by using CHEPO polypeptides or binding fragment 
thereof in any of a variety of drug screening techniques. The CHEPO polypeptide or fragment employed in such a test may 
Kther be free in solution, affixed to a solid support, borne on a cell surface, or located intracellularly. One method of drug 

15. screening utilizes eukaryotic or prokaryotic host cells which are stably transformed with recombinant nucleic acids 
expressing the CHEPO polypeptide or fragment Drugs are screened against such transformed cells in competitive binding 
aswys. Such ceDs, eitha m viable or fixed f omi, can be used for standard binding assays. One may measure, for example, 
the fomnation of complexes between CHEPO polypeptide or a fragment and the agent being tested. Altematwely, one can 
examina the ifiminution in complex formation between the CHEPO polypeptide and its target cell or target receptors caused 

20 by the agent being tested. 

Thus, the present invention provides methods of screening for drugs or any other agents which can affect a 
CHEPO polypeptide-associated disease or disorder. These methods comprise contacting such an agent with an CHEPO 
polypeptide or fragment thereof and assaying (1) for the presence of a complex between the agent and the CHEPO 
polypeptide or fragment, or (ii) for the presence of a complex between the CHEPO polyp^tide or fragment and the ceU, 

25 by methods well known in the art In such competitive binding assays, the CHEPO polypeptide or fragment is typicelly 
labeled. After suitable incubation, free CHEPO polypeptide or fragment is separated from that present in bound form, and 
the amount of free or uncomplexed iabd is a measure of the ability of the particular agent to bmd to CHEPO polypeptide 
or to interfere with the CHEPO polypeptide/ceO complex. 

Another technique for drug screening provides high throughput screening for compounds having suitable bincfing 

3 0 aHimty to a polypeptide and is described in detail in WO 84f03564, published on Septento 13, 1984. Bri^ stated, large 
numbers of different smaB peptide test compounds are synthesized on a solid substrate, such as plastic pins or some othw 
surfaca As appBed to a CHEPO polypeptide, the peptide test compounds are reacted with CHEPO polypeptide and washed. 
Bound CHEPO polypeptide is detected by methods well known in the art Purified CHEPO polypeptide can also be coated 
directly onto plates for use in the aforementioned drug screening techniques. In addition, non^tralizing antibodies can 

35 be used to capture the peptide and immobDize it on the solid support. 
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This invention also contonplates the use of competitive drug scrming assays in which neutralizing amAoifies 
capable of binding CHEPO polypeptide speciTicaily compete with a test compound for bimEng to CHEPO polypeptide or 
fragments th^of. in this manner, the antibodies can be used to detect the presence of any peptide which shares one or 
more antigenic determmants with CHEPO polypeptide. 

5 

EXAMPLE 10 

Rational Druo Desipn 

The goal of rational drug design is to produce structural analogs of biologically active polypqjtide of interest (£e, 
a CHEPO polypeptide) or of small moleailes with which they interact, e,g„ agonists, antagonists, or inhibitors. Any of 

10 tiiese examples can be used to fashion drugs which are more active or stable forms of the CHEPO polypeptide or which 
enhance or int^ere witfi tin function of the CHEPO polypeptide in mo Hodgson, BiofTechnoloov. 9: 1 9-21 (1 991)). 

In one approach, tfie tiiree^nsional structure of tiie CHEPO polypeptide, or of an CHEPO pdypeptide^nhihitor 
complei, is determined by x-ray crystallography, by computer mode&ng or, most typicaDy, by a combination of tise two 
approaches. Botit tiie shape and charges of the CHEPO polypeptide must be ascertained to ehicidate tiie structure and 

15 to determine active sitels) of tfie molecule. Less often, useful information regarifing the structure of tfie CHEPO polypeptide 
may be gained by modefing based on tiie structure of homologous proteins. In botii cases, relevant structural information 
is used to itesign analogous CHEPO polypeptifMke molecules or to identify effici«it inhibitors. Useful exampbs of ratior^l 
drug design may mciuik molecules which have improved activity or stabaity as shown by Braxton and Welb, Biochemistrv. 
21:7796-7801 (1992) or which act as inhibitors, agonists, or antqonists of native peptides as shown by Athauda etaf., 

2 0 J.Biochem^ 113:742-746 (1993). 

It b also possibb to isolate a target-specific antibody, selected by functional assay, as de^ed above, and then 
to solve its crystal structure. Tins approach, m prmcipla, yields a pharmacore upon which subsequent drug design can be 
based. It is possible to bypass protein crystaltography ahogetiier by generating anti^diotypic ant&odies (anti-ids) to a 
functional, pharmacologicalty active antibody. As a mirror image of a mirror image, tiw binding site of tiie anti-Us would 

25 be expected to be an analog of the original receptor. The anti-id could tiien be used to identify and isolate peptides from 
banks of chemically or biologically produced peptides. The isolated peptides would then act as tiie pharmacore. 

By virtue of the present invention, sufficient amounts of tiie CHEPO polypeptide may be made available to 
perform such analytical studies as X-ray crystallography. In addition, knowledge of tiie CHEPO polypeptide ammo acid 
sequence provided herein will provide guidance to tiiose employing computer modeling techniques in place of or in addition 

30 to x-ray crystallography. 

The foregoing written specification is consid^d to be sufficient to enable one skilled in the art to practice tiie 
invention as dannei Various modifications of the invention in addition to tiiose shown and described herein wnD baumie 
apparent to those skilled in the art from tiie foregoing description and f aO withm tiie scope of the appended claims. 
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WHATISCUtMEDIS: 

1 . An isolated nudeic acid molecule having at least about 80% nucleic add sequence identity to a 
molecule encoding a CHEPO polypeptide comprising the sequence of amino add reddues from about 1 or about 28 to about 
1 93 of Rgure 2 (SEQ ID N0:2L or (b) the complement of the DNA molecule of (a). 

5 

2. The isolated nudeic add molecule of Claim 1 comprising nucleotides 1 or about 82 to about 579 of 
Rgure2(SEQIDN0:3). 

3. The isolated nuddc acid molecule of Claim 1 comprising the nucleotide sequence of Figure 2 (SEQ ID 

10 N0:3K 

4. The isolated nudeic add molecule of Claim 1 comprising a nudeotide sequence that encodes the 
sequence of ammo add reddues from about 1 or about 28 to about 193 of Figure 2 (SEQ ID N0:2). 

15 5. An isolated nucteic add molecule encoding a CHEPO polypeptide compris'mg DNA that tiybriifizes to the 

complement of the nudeic acid sequence that encodes adno adds 1 or about 28 to about 193 of Figure 2 (SEQ ID N0:2). 

6. The isolated nuddc add molecule of Claim 5, wherdn the nuclei add that encodes amino adds 1 or 
about 28 to about 1 93 of Hgure 2 (SEQ ID N02) comprises nudeotides 1 or about 82 to about 579 of Figure 2 (SEQ ID 

20 N0:3|. 

7. The isolated nuddc add molecule of Claim 5, wherdn the hybridization occurs under stringent 
hybridization and wash conditions. 

25 8. An isolated nuddc acid mdecule comprising (a) DNA encoding a polypeptide scoring at least 80% 

podtives whoi compared to the sequence of amino add residues of from 1 or about 28 to about 193 of Figure 2 (SEQ ID 
N0:2), or (b) the complement of the DNA of (a). 

9. A vector comprising the nuddc add molecule of Claim 1. 

30 

10. The vector of Claim 9, wherein sdd nuddc add mdecule is operably linked to contrd sequences 
recognized by a host cell transfomned with the vector. 

11. A host ceD comprising the vector of Claim 9. 

35 

1Z The host cell of Clann 11, wherein sdd cefl is a CHO cdL 
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1 3. The host cell of Claim 1 1 , wh&ein said ceH is an £ eoS, 



14. The host cell of Claim 1 1 , wherein said ceil is a yeast cell 

5 1 5. A process for producing a CHEPO polypeptide comprising cirfturing the host ceH of Claim 1 1 under 

conifitions suitable for expression of said CHEPO polypeptide and recovering said CHEPO polypeptide from the cd culture. 

16. An isolated CHEPO polypeptide comprising an amino acid sequence comprising at least about 80% 
seqiBnce identity to the sequence of amino acid residues from about 1 or about 28 to about 193 of F^ure 2 (SEQ ID NOa. 

10 

1 7. The isolated CHEPO polypeptide of Claim 1 6 comprising amino acid residues 1 or about 28 to about 
193ofngure2(SEQIDNO:2). 

18. An Isolated CHEPO polypeptide scoring at least 80% positives when compared to the sequence of 
15 amino acid residues from 1 or about 28 to about 193 of Figure 2 (SEQ ID N0:2). 

19. An isolated CHEPO polypeptide comprismg the sequence of amino acid residues from 1 or about 28 to 
about 193 of Rgure 2 (SEQ ID NQ-JJ, or a fragment thereof sufficient to provide a bimSng site for an anti-CHEPO antibody. 

20. An bdated polypeptide produced by (I) hybriiGzing a test DM 

(a) a ONA molecule encoding a CHEPO pdypeptide comprising the sequence of ammo acid reshhias from 1 or about 28 to 
about 193 of Figure 2 (SEQ ID N0:2», or (b) the complement of the DMA molecule of (ak (ii) cuhuring a host eel comprising 
sffid test DMA molecule under conditions suitaUa for the expression of said polypeptide, and (nS recovering said polypepticb 
from the cell culture. 

25 

21. The isolated polyp^tUe of Claim 20, wherein said test DMA has at least about 80% sequence identity 
to (a) or (b). 

22. A chimeric molecule comprising a CHEPO polypeptide fused to a heterologous amino add sequence. 

30 

23. The chimeric molecule of Claim 22, wherem said heterologous ammo acid sequoice is an epitope tag 
sequence. 

24. The chimeric molecule of Claim 22. wherein said heterologous amino add sequence is a Fc region of 
35 an bnmunoglobuGn. 
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25. AnantawdywhicbspedfieaByUndstoaCHEPOpolypBiitide. 



26. The antibody of Claim 24, wherein sad antibody is a monoclonal antaiody. 

27. The antibody of Clam 24, wherein said antaiDdy Is a humanized antibody. 

28. AnagonlsttoaCHEPOpolypqitide. 

29. An antagonist to a CHB>Opolypq)tide. 

3a A composition of matter comprising (a) a CHEPO polypeptide, (b) an agonist to a CHEPO polypeptide, 
W an entagonist to a CHEPO polyp^de, or (d) an anti-CHEPO antibody in admixture with a pharniaceutKaRy acceptdile 



31. A mediod of indocing erytivopolBsis in a mammal, said method comprising administooig to said 
mammal an effective amount of a CHEPO polypeptide or an agonist tfiereto. wherein erythropoiesis in said mammal is 
fanfaieed. 

32. A metimd of bdubiting nyflvopoiesis in a mammal, said method comprisiiq administering to said 
mammal an effectiw amoum of an entagonst to a CHEPO polypeptide, wherein erytiiropoiew 

33. The metiud according to Chun 31, wherein said antagonist is an aiti-CHEPO antibody. 

34. A CHER) polypeptide comprising an emino acid sequence selected from tiie group consisting of: 

(1) APPRUCDSIJVLEHYllEAKEAENITTGCAEHCSlllENITVPDTICVIlFYAWffl^^^ 

NSSQPWEPlQUWDKAVSGUISlTTLUlALBAtiKEAISPPDAASAAPWmAOTreKlFRW 
G0R(SEQI0N0:18): 

J2I APPRUCDSRVLERYllEAKEAENinGCAEHCSLNENITVPDmNmWKflNXSXQQAVEVWQGlAllSEAVlRGQAUV 

NSSQPVmQLHVDKAVSBLRSLTTURALBAKKEAISPPDAASAAPlRmADTRKmimNM 
6DR(SEQIDN0:ig): 

(3) APPRUCDSRVLERMEAKEAENITTGCAEHCSlNENITVPDmNmWKRNmOQAVEVWaGUaSEAVLRGW^^ 

NSSOPWEPlQlHVDKAVSGLHSlTTlLRALGAQKEAISPPDAASAAPlRmADTFRKlFRmNFLRGKLia^^ 
6DR(SEQIDNO:20};. 

m APPRUCDSRVLERYUfAKEAENinGCAEHCSLNENITVPOmNmWKRNmOQAVEMQGULLSEAVlflGOALLV 
NSSOPWEPlOLHVOKAVSGLRSlTTUJWlBAKKEAISPPDAASAAPLRmADTFRKlFRm 
6DR(SEQIDN0-.21); 
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(5) An>inJCDSmEimLEAKEAENlTT6CAEHCSLNENnvnrrKra 

VNSSQIWUlLHVDKAVSGtRSLTTLLiUUfAOKEAISI^ 

TSDR(SEaiDN0:22|; 
(S) An>RUCDSinaEimLEAKEAENITTGCAEHCSLNENI1VPDTKVNFYAVim 
5 VNSSQI>WB>LQUIVDKAVS6USLTTLllUa6AiaCEAiSPP0A^ 

T60R{SEQIDN0:23); 

(7) AITOUCDSIWIlRYUEAKEAENinBCAEHCSLNEIflTVPDTKVNmWKRMMmQAVEVW 
VNSSQPVim(UiM)KAVS6LRSlTTlLRAU»0KEAlSProAASAAn^ 
T6DR|SEQIDN0:24); 

10 (8) APPRUCDSRVlERYUEAKEAENinGCAEHCSIJgENITVramNFYAWCHMNmOAV^ 
VNSSOmPimiOTICAVSeiRSLTTlUWlSAKKEAISPPDAASAAflRTITAOTraK^ 
TG0R|SEQIDN(fc25): 
(9) APPfflJCOSRVLERYUiAKEAENIITBCABiCSIJIIENITVPim^ 
VNSSQPWEIlQLHVDKAVSGLRSLTTURALGAaKEAISPPDAA 
15 TGDR(SEaniN(fc26),- 

(101 AimiCDSRVlEimiEAKEAENlTTGCAEHKlNENnVPDTIWNFYAWiaME 
VNSSOiniimQLHVDKAVSGUISLTIURAlGAiaclAISPPOAA^^ 
T6DR(SEQIDN0:27); 

(111 APPRUCDSRVURYUEAKE«NITTBCAfflCSlllENmPDTONFYAWKHMENXm 
20 VNSSQPWEPL(1LHVDICAVSGIHSITT1JJ«U£A0I(EAISITOAASAAPU^ 
T6OR(SEQIDN0:28); 

(12) APPRUCOSRVlERYIlEAKEAENITTGCAEHCSlNENITVPDTKVNmWKRMENnXAVEVWQGULLSEAVLRGQALL 
WSSQPWEPLQmVDKAVSGlRSLmRALGAKKEAISPPDAASAAPlRTITAOTFflKlfR 
T6DR{SEQIDN0:2g): 

25 (13) APPRUCDSHVLERYllEAKEAENinGCAEHCSLNENmPDTONFYAWKRMEVNXSXVEVWQGtAIJ5K^ 
NSSIffWEPlQUlVOKAVSBIJBLTTUJIAlGAOKEAIS^ 
6OR(SEaiDN0:30); 

(14) APPHUCDSRVlERYllEAKEAENITTGCAEHCSLIIIENnVPDTIOmFYAWI^ 
NSSninirePlClUflraiCAVSGLRSLTTlLRAlfiAKIffiAISPPDAASAAPlR 

30 GORGED 10 N0:31); 

(15) APPRUCDSmrLERYLLEAKEAENinGCABtCSlNENITVPOTKVNFYAWICRMEVM^ 
I^SSClPMPLQUWDKAVSGlHSLTTlLflALGAimiSPPDAASAAPUJmADTfflKIJHVYSN^ 
60R(SEQI0N0:32);and 

(16) APPRUCOSRVURYllEAKEAENinBCAEHCSLNENITVPDmNmWKRMEVNXTXVEVWQGlAUSEAVUJGQ^^ 
3 5 NSSQPWEPllllHVDKAVSGLRSlTTUJlALGAKKEAISPPDAASMPLRTITADTraiaFHVYSNF^ 

GDR (SEQ ID N0:33), wfaerein X is any amino acid except for profine. 
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35. ThaCHEPOpotypeptiiteBCC^ 

tn tmino add sapmcB sslntni fran 

tin gnnp coosiiliiiB of: 

(II M6WECPAWLWULSUSUH,6UnrL6APimiC0SimERYUEAKEAEm 

SXQQAVEVWQBLALLSEAVlRGQAUVNSSQPVmaUiVDICAVSGUISlTTLUUaGAa^ 

TrRKLFRVYSNFLRGiaXLneEACRTeDR (SEaiD N0:34): 
m MBVIffiCPAWLWIllSllSUmiVlGAPPmJCDSBVia^^ 

SXOQAVEVWQGLALLSEAVLRGQAUVNSSQPWEPLQlllVOKAVSfiLRSLTTmtAL^ 

TFRKLFRVYSNFIRGKIKLYTGEACRTGOR (SEQ 10 N0:35); 

(3) MGVHECPAWWUl^LlSLPlGU'VlfiAPPRUCOSmriEHYUfAKEAEIOT 
TXOQAVEVWQGWlLSEAVLRSQAUVNSSQPWEPlQLHVDKAVSGWSLTTUJttlMQKEAB 
TFRKIFBWSNFIRGKIKIYTGEACHTGDR (SEQ ID NG:361; 

(4) MGVHECPAmWIIlSLlStPWimGAPPRUCDSRVlERniEAKEAENITTGCAEHCSWENITVPDT^ 
nOOAVEVWOGlAllSEAVLRGQAUVNSSQPWEPUllHVDKAVSGlRSlTTUJI 
TFRKLFRVYSNFLRGKLKLYTGEACRTGOR (SEQ ID N0:37); 

(5) MGMCPAmWlllmlPlGlFVlGAPPRUCDSRVlB^YUEAKEAE^^ 
XSXOAVEVWQGUUSEAVUGQAUVNSSOPWEPULHVdXAVSGUSLTT^ 
TFRKLFRVYSNFLRGKUaYTGEACRTGOR (SEQ ID HK3BY. 

(6) MGVHECPAWlWlllSUSlPLGlPVlGAPPRUCDSBVlHnrUEAKE^ 
XSXQAVBWQGUUSEAVUGOAUVNSSQPWEPLQLHVDKAVSGIRSLTTILRALGAKK^^ 
TFRXLFRVYSNFIRGKIKLYTGEACRTGDR (SEQ ID HOm 

(7) MGVHECPAVn.WlllSll5lPLGlPVI£APPRUCDSRVLERVLlEAKEAENinGMEHCSW 

XTXQAVEVWQGLAU^EAVUlGQAUVMSSQPWEPlQUWdKAVSGlflSLTTllJttLGAQkEAISPPOAASW 
TFRKLraVYSNFLRGKlKlYTGEACRTGDR (SEQ ID HOMY. 

(81 MGVHECPAWlWlUSlUUlGIJ^LGAPPRUCOSRVlERyUEAKEAENinGCAEHCSUaENITVPOm 
XTXQAVEVWOGUU^EAVLRGQAUVNSSQPWEPLOUIVOKAVSGlRSLTTUflAlGAKKEAIS 
TFRKLFRVYSNFIRGKLKLYTGEACRTGDR (SEQ ID N0:41): 

(9) MGVHECPAmWLUSlLSU'lGlPVLGAPPRUCDSRVLERyilEAKEAENinGCAEHCSWENITVPDTCT^ 
NXSXAVEWQGIAUSEAVWGQAUWSSOPWEPLQLHVDKAVSGUKLTTIIRALGAOK^ 
TFRiaFRWSNnRGKUaYTGEACRTGDR (KQ ID ND:42); 

(10) MGVHECPAWLWUlSlLSlPLGlPin^APPRllCDSRVtEHYUEAKEAEN^ 
NXSXAVEVWQGUUSEAVIRSQAUVNSSQPWEPIQLHVDKAVSGIRSLTTURAIGAKKEAISOT 
TFRKLFRVYSNFlRGKUaYTGEACRTGOR (SEQ ID N0:43); 

(111 MGVHECPAMWUlStlSLPLGWLGAPPRUCDSHVlERYllEAKEAElOTGCW^^ 

NXmVEVWQGUllSEAVWGQAUVMSSOPWEPlQUWDKAVSGlRSLTTliRALGAaKEAB^ 
TFRKlFRVYSNFLRGKUaYT6EA(»TGDR (SEQID N0:44|;, 
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(12) MGVHECPAWLWULSLLSin.6Lm6APPRUCDSimfiiYLLEAK^^ 
imXAVEVWOSUOI^VlRGQAUVimiBWEPL^ 
TFRKIFRVYSNFIR6XIKLYT6EACRT6DR (SEQ D HQASk 

(13) MGVHECPAmVIIUlSUmGLPVLGAimiiniSRVL^ 
mSXVEVWQ6lALLSEAVLRG(lAlLVNSS(BWU)UiVDIU 
TFRKLFRVYSNFlR6KLKLYT6EAim6DR (SEQ 10 HOm 

(14) MSWHECPAWWLll5LlSlPLfiimGAn>RUCC)SRVl£HYUEAI(EAENinG^ 
mSXVEVWQGlAlLSEAVUG(lAUVNSS(lPWEPL(lLHVDKAVS6LRSLTTURA^ 
TFRKLFRVYSNRReKUaYrGEACRTBOR (SEQ ID N0:47b 

(15) MGMCPAmWUlSU^lPLGlPVLGAPPRUCDSmfURVUfAKEAEmGCAEHKlNEN^ 
VNXTXVEVWQGLAILSEAVLRGQAUVNSSQPWEPLQUIVDKAVSG^^^ 
TFRiOFRVYSNHRGiaKLYTGEACmSOR (SEQ ID mm and 

(16) MGVHECPAWLmUSLLSLPLGlPVlGAPPRUCOSRVlERYIlEAKEAEinTT^ 
VmcmEVWQGUIlSEAVLRGQAIiVIIISSQPWEPLQUIVDKAVSaRSL 

TFRKLFRVYSNHA6KLKLYTGEACRTGDR (SEQ ID N0:49), whenbi X U any amino add except for praboL 

36. A dumakmdKirie comprising 8 polypeptide of (Sain 34 or 351^ 
actd sequBiics* 

37. The choneric molecule of Claen 36, wherein said heterologous amino acid sequence is an epitope tag 
sequence. 

38. The chimeric molecule of Clakn 36, wherein said heterologous ammo add sequence is a Fc region of 
an immunoglobulin. 
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FIGURE 3 

human MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYLLEAKEAE 

chepo MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYL^^ 

human NITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGI^ 

******************* ****** **************** 

chepo NITTGCT^CSLNENITVPDTKVNFYAWKRMEVRQQAVEVWQG^^ 



human VLRGQALLVNSSQPWEPl^IiHVDKAVSGLRSLTTLLRALGAQKEAISPPD 
***************************************** ******** 

chepo VLRGQALLWSSQPWEPLQLHVDKAVSGLRSLTTLIiRALGAXKEA^ 



human AASAAPLRTITADTHOCLFRVYSNPLRGKLKLYTGEACRTGDR 

******** it* -kitlt****************************** 

chepo AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR 
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Continuation of Box 1.2 
Claims Nos.: 28, 30(b), 31(b) 



Remark (2): Present claims 28-32 relate to an extremely large number of 
possible CHEPO agonists and antagonists. Support within the meaning of 
Article 6 POT and/or disclosure within the meaning of Article 5 PCT Is to 
be found, however, for only a very small proportion of the antagonists 
claimed. In the present case, the claims so lack support, and the 
application so lacks disclosure, that a meaningful search over the whole 
of the claimed scope is Impossible. Consequently, the search has b^n 
carried out for those parts of the claims which appear to be supported 
and disclosed, namely those parts relating to ant 1 -CHEPO antibodies, as 
claimed In claims 30 and 33. Claim 28, and those parts of claims 30 and 
31 where reference Is made to agonists to a CHEPO polypeptide, have not 
been searched. 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to Inventions In respect of which no International 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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